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Introduction to Simio

Chapter 1: Getting Started

Overview

The Simio modeling software lets you bulid run dynamic 3D animated models of a wide range of
systemg; e.g. factories, supply chains, emergency departments, airports, and service systems. Simio
employs an olgct approach to modeling, wherelmodels are built by combining objects that represent
the physical components of the systems.

An object has its own custom behavior as defined by its internal model that responds to events in the
system. For example a production line model is built by placing objects that represent machines,
conveyors, flift trucks,aislesgetc. You can build your models using the objects provided in the
Standard Object Libraryhich is general purpose set of objects that comes standard with Simio. You
canalsobuild your ownlibraries ofobjects that are customizeftr specific application area#s you see
shortly you can also modify and extend the Standard Library object behavior using process logic.

In Simio object definitionand models are the same thing. Whenever you build a model you have
defined the logidor an object that can be used in other modekn object(or model)is defined by its
properties dates,events,external view, andogic. These are key Simio conceptsunderstand for
building and using objects.

Properties are input values thaan be specified by the user of the object. For example an object
representirg a server might have a propettyat specifies the service timalVhen the user places the
server object into theifacility model they would also specify this property value.

Iy 2 0 &aeale@/Bami@values that may changes the model executes. For example the busy and
idle status ofa server object coulbe maintained by a state variabtemed Status that is changed by
the object each time it starts or ends serviceaaustomer

Events are things thdhe objectY | &  daffsalédiBcEtimes For example a server object might have
an event fire each time the server completes processing of a cust@nartank object might fire an
event whenever it reaches full or gty. Events are useful for informing other objects that something
important has happened.

The external view of an object is the 3D graphical representation of the objdus is what a user of the
object will seevhen it is placed in thefacility modéd.

¢KS 2623800G04a 2340 Ad Iy AYGSNYylt Y2RSt GKFG RSTFA

occur. For example a server object may have a model that specifies what actions take place when a
customer arrives to the serveilhe internaimodel gives the object its unique behavior.

One of thepowerful features of Simio is that whenever you build a elarf a system, you can turn that
model into an objectlefinition by simply adding some input properties and an external vigaur
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model can then be placed as a sutbodel within a highetevel model.Hence hierarchical modeling is
very natural in Simio.

Models and Projects

When you first open Simio you see a Start Page which includes links to the Simio Reference Guide,
training videos, examp models, and SimBits. The SimBits are small models that illustrate how to
approach common modeling situations. From the Start Page you can click on New Model in the ribbon,
or the Create New Model link to open a new model.

Models are defined within projed. A projectmaycontain any humber of models and associated
experimentgdiscussed later) A project will typically contain a main modeld an entity model. When
you open up a new project, Simio automatically adds the main model (default nasdelMand entity
model (default name ModelEntity) to the projecY.ou can renamthe project andhese models by

right clicking on them in the project navigation tree. You can also add additional models to the project
by right clicking on the project naan This is typically done to create smwdels that are then used in
building the main model.

The entity model is used to define the behavior of the entities that move through the system. In older
simulation systems entities cannot have behavior, andéfare there is no mechanism for building an

entity model. However in Simio entities can have behaviors that are defined by theintaunal

Y2RSt o ¢tKS RSTlLdzZ G Y2RSt SyGdAGe A& GRdzYoé¢ Ay GKI
later yau can modify the entity model to take specific actiomsesponse to eventsYou can also have

multiple types of entity models in your project, with each having its behawor.example in a model of

an emergency department you could have differentiges representing patients, nurses, and doctors.

As we will see tar a project can also be loaded into Simio as modeling library. Hence pmjeets
contain a collection of models for a specific applicatiorg ather grojects contain models that are
primarily used as building blocks for other models. The sarogctcan either be opened for editing or
be loaded as library.

The Simio User Interface

The initial view of your Simjarojectis shown below. The key areas in this screen include the rébbon
across the togfcurrently showing the Run ribbarthe tabbedpanelviewswith the Facility highlighted
just below the ribbonsthe libraries on the lefthe browsepanel on the rightand theFacility windown
the center.
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The ribbonsare tabbed Ul gnels thatprovide a convenient way quickly to access the many functions
available to you for building, animating, and running models. You can manually switch between ribbons
by clicking on th ribbon tabs. You can also condense the ribbons to justabe vy doubleclicking on

any tab. In this mode clicking on the tab will expand the ribbon until you click in the modehem

the ribbon will then shrink back to just tab®oubleclicking again on any ribbon tab will restore the
ribbons to their reglar size.

The Bowse panel on the right provides for project navigation and property editing. The upper

navigation window is used to switch between the Start Page, Projeat and the associated models

and experiments. You can switch between modelsitmply clicking on the model the navigation

tree. For examplelickingon the main model will make this the active model and displayR#eility
window for that model. Likewise clicking on the ModelEntity will make the default entity the active

modd, and display the initially enipé a4 S0 2 F LINE OS a Hé&haviotiThée piopeRi&€sT A y S &
window that islocated in the Browse panghmediately belowthe navigation window is used fediting

the properties of objects. We will discuss this eaw in more detail later. You can open and close the
Browse panel by clicking on the << and >> in the title bar of the panel.

Whenever theFacility windowof a model is selected the Libraries panel on the left displays the libraries
that are open and avkible for modeling within the facility. The libraries will include the Standard

-3-
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Library, the Project Library, and any additiopadjectsthat have been loadeds librariefrom the

Project Home ribbonThe Standard Library is a general purpose libragbgcts that is provided with

Simio for modeling a wide range of systems. The Project Library is a library of objects corresponding to
the current models in your project. This lets you use your project models amadéls that can be

placed multiple tnes within a model. Note that the active model is grayed out in the Project Library
since a model cannot be placed inside itself.

TheFacility windowthat is shown in the center is drawing space for building whijectbasedmodel.

This panel is shownhenever the Facility tab is selected for a modehis space is used to create both

the objectbasedlogic and the animation for the model in a single sté@jhe other panel views

associated with a model include Process, Definition, Data, DashboardeanlisR The Process panel is
used for defining custom process logic for your modelse ability to mix objeebased and process
modeling within the same model is one of the unigque and very powerful features of &t

combines the rapid modeling pabilities of objects with the modeling flexibility of processébe

Definitions panel is used wefine different aspects of the modeduch as its external view and the
properties,states,and events that are associatedth the model. The Data pan& used to define data

that may be used by the model, and imported/exported to external data sources. The Dashboard panel
provides a 2D drawing space for placing buttons, dials, plots, etc., for real time viewing and interactions
with the model. The Re#ta panel displays the output from the model in the form of both a pivot grid as
well as traditional reports. Note that you can view multiple mosigldowsat the same time by

dragging avindowtab and dropping it on one of the layout targets. For nowwilebe focusing on the
Facilitywindow and will defer further discussion of these additional mogeidowsuntil later.

Objects and Libraries
The objects within a library are one of five basic types:

1 Fixed Has a single fixed location in the systemisas a machine.

1 Link Provides a pathway over which entities may move.

1 Node Defines an intersection between one or more incoming/outgoing lifksdes can also
be associated withixed objects to provide entry and exit points for the object.

1 Entity: Defines alynamic object that can be created and destroyed, move over a network of
links and nodes, and enter/exit fixed objetiisough their associated nodes

1 Transporter Defines apecial type of entity that can also pickup and drop off other entiies
nodes

Note that these types define the general behavior, but not the specific behavior of the object. The
specific behavior an object is defined by theernal model for that object. For example we could have

a library of a half a dozen differentges of transporters, each with their own specific behaviors as

defined by their models. However they would all share the common ability to move across a network of
links and nodes, and pickup and drop off entitiésiodes along the way

A library nay contain objects of any these five types. The Standard Library inahigiests ofall types
except for the entity type, since the entity is typically defined within the Project Library.

-4-
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The Standard Library contains the following objects:

Object Descripton

Source Generates entity objects of a specified type and arrival pattern.

Sink Destroys entities that have completed processing in the model.

Server Represents a capacitated process such as a machine or service operation.

Workstation Models a comfex workstation with setup, processing, and teardown phases and
secondary resource and material requirements.

Combiner Combines multiplenemberentities together with a parent entity (e.g. a pallet).
Separator Splits a batched group of entities or malapies of a single entity.

Resource A generic object that can be seized and released by other objects.

Vehicle A transporter that can follow a fixed route or perform on demand transport

LA O] dzLJAK RNR LI 2FFad ! RRA (A 2 ydefmayth& usédys g
moveable resource that is seized and released fortnansport tasks.

Worker A moveable resource that may be seized andaséd for tasks as well as uded
transport entities between nod@®cations

BasicNode Models a simple imrsection between multiple links.

TransferNode | Models a complex intersection for changing destination and travel mode.

Connector A simple zerdime travel link between two nodes.

Path A link over which entities may independently move atitioevn speds.
TimePath A link that has a specified travel time for all entities.

Conveyor A link that models both accumulating and naocumulating conveyor devices.

Note that the Standard Library is simply a project in Simio that contains a collettioadels that have
been given external views and associated properties that control their behavior.

Instantiating Objects in your Facility Model

The obiject libraries provideefinitions for objects that cabe placed into the facility modelThere are
seveal different ways to selct and place objects into the facilityodel. For all objects except for links
you can use any of the following methods:
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1. Click on the objedtiefinitionin the library(e.g. Source, Server, or Sirdad then click at the
locationin the Facility windowwhere you would like to place the object.

2. Drag the object from the library to a location in tRacility window

3. Doubleclick on the objectlefinitionin the library, click in each location in tRacility window
where you wold like to placethe object, and then terminate mukplace mode by right clicking
anywhere in the model.

Once you have placed an objaatthe facilityyou can move it by clicking on it and dragging it. You can
change the default name by doubiticking on thename or by rightlicking on the object. You can
resize objects (except for nodes) tagging the resize handles that appear once the object has been
selected.

In mostcases placing an object will instantiate associated nodes as well as the main ¢lgjeekample

if you place a Server object named Serverl in your facility you are actually placing three separate but
related objects. The main (centerject is the server itseind has a set properties related to the

servie operation. The small diasnd object on the left is the associated input node named
Input@Serverla BasicNode) and you can move it independently of the server, and it also has its own
set of properties which you may edit. The small diagonal object on the right is the outpuhaoued
Output@Serverfa TransferNode) and you can select and move it independently and also edit its
properties. If you move the main Server object it will also automatically drag with it the associated input
and output node objects.

Links are special baase they provide a pathway between two nodes, and hence must always start and
endatanode.[ Ay1a INB y20d aL}i | OSRé¢ odzi | NB AyWauc&l R RNI &
use either of the followingnethods to drawlinks.

1. Click oralink objectin the library(e.g. Connector, Path, TimePath, Conveyany then click on
the starting node for the link pathway, click at each intermediate vertex that you would like to
add, and then click on the ending node for the pathway. You can abort link dy&wyiright
clicking before completing the link.

2. Doubleclick on a link object in the library, add @klinstance as describetbove, and then
repeat multiple times. €rminate multtlink draw mode by right clicking anywhere in the model.

Once you have dwn a link you can move any of its vertices by clicking and dragging the vertex.

Manipulating Facility Views

By default Simio provides a tafpwn 2-D view of thefacility model. This is often a very convenient view
for creating and editing your modeHoweverfacility models in Simio are defined 3D. You can switch
between the 2D and 3D vieves the facilityusingthe View section ofhe View ribbon or by using the 2
and 3 keys on the keyboard. The View secéilso lets yoiset thefacility modelto auto-rotate in 3Dg
click anywhere in the facility to stop autotation. You can alschange the background color of the 3D
space.Click anywherén the facilityand drag to pan the viewPress the right mouse button and move
left and rightto rotate the view, or p and down to zoom in and out. You can also zoom using the
mouse wheel.

-6-
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The visibility sectionf the View ribborlets you selectively hide/show different aspects of theility
model¢ e.g. you can hide all nodesdlinks.

You can usehe Named \é@ws sectiorof the View ribborto create and switcio named views into the
facility model¢ such as the assembly area or shippifgis is a useful feature for navigating through
verylarge models.

Editing Object Properties

Wheneve you selectn objectin the facility (by clicking on it) the propertie§the selected object are
displayedfor editingin the Property windowin the Browse panel on thegtit. For example, if yoselect

a Server object in the facility the properties for the Semvél be displayed in th€roperty window The
properties are organized into categorié®at can be expanded and collapsed. In the case of the Server
in the Standard Libramhe Process Logic categoryrigially expanded, and all others are initially
colapsed. Clicking or/-will expand and collapse a categoihenever you select a property in the
property grid a description of the property appears at the bottom of the grid.

The properties for an object are defined by the designer of thataibjéhe properties may be different
types such as strings, numbers, selections from a list, and expressions. For example the Ranking Rule for
the Server is selected from a drop down list and the Processing Time is specified as an expression.

For expressin fields (e.g. Processing Time) Simio provides an expression builder to simplify the process
of entering complex expressions. When you click in an expression field a small button with a down
arrow appears on the right. Clicking on this button opensekgression builderThe expression

builder is very similato IntelliSens&in the Microsoft family of productand tries to find matching

names or keywords as you typéau can use math operators €, *, /, and “to form expressions.

You caruse parenthesis as needed to control the order of calculation 2&(§+4)\4/2)). Logical
expressions can be expressed using <, <=, >, >=, I=, or ==. Logical expressions return a number value of
1 when true, and 0 when false. For exam@&(A >2) returns a value of 10 iis greater than 2.

Arrays (up to 10 dimensions) arebdsed and are indexed with square brackets (&[8,3,1]indexes

into the three dimensional state array nam@)l Model properties can be referenced pyoperty

name. Foexample ifTimeland Time2are properties that you have added to you motlen you can

enter an expression such 88mel + Time2)/2

A common use of the expression builder is to enter random distributions. These are specified in Simio in

the formatRg R2 Y®P5 A A GNAR O dziA2Y bl YS6t I NI Y Svih&dtheXhunibér NI Y S G S NI
and meaning of the parameters are distribution dependefRor example Random.Uniform(2,4) will

return a uniform random sample between 2 and™®o enter this irthe expressioruilder begin typing

oRandone. As you type the highlight in the drop list will jutepthe word Random Typing a period will

then complete the word and display all possible distribution names. Typinp\aill then jump to

Uniform(min, max) Pressingnter or tab will then add this to the expression. You can then type in the

numeric values to replace the parameter names min and Nake that highlighting a distribution name

in the list will automatically bring up a description of that distribution.
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Math functions such as Sin, Cos, Log, etc., are accessed in a similar way using the keywdsddiath.
te LIAYyRiéa FyR Sy idSN I LISah#l @ovideln #ist obatl dvhibbi im&th flinktibns.s 2 NR
Highlighting a math function in the list welitomatically bring up a description of the function.

Object functions may also be referenced by function name. A function is a value that is internally
maintained or computed by Simio and can be used in an expression but cannot be assigned by the user.
For example all objects have function namBdhat returns a unique integer for all active objects in the
model. Note that in the case of dynamic entities tBeumbers are reused to avoid generating very

large numbers for an ID.

Some otheffeaturesof{ A YA 2 Q& WidihgmBriade/ar® fustrated below:

N | v X
"‘ Agent »
4% AllocationQueue » < If >> is displayed to the right of an item, then that indicates a list of additional
i) Capacity » member items will be available for reference by typing a period () character.
2V capacityType
1 CurrentCapacity
#M currentSizeIndex ( If an item is bolded then that indicates the item returns a value.
& DefaultEntity »
= Entity »
=& Enum »

False
O Global »
< ID
Infinity

e ; - i i
/* * InitialCapacity | If the mouse is hovered over an item, then a tool-tip is

© Input@Server>» ; K displayed with a description of the item.
& Input@Server% InitialCapacity

A v il

11

1 The initial fixed capacity of this object,

If you type an invalid entry into a property field the field turns a salmon color and the error window will
automatically open at the bottom. If you doubddick on the error in the error widow it will then
automatically take you to the property field where the errors exist. Qrozecorrect the error the error
window will automatically close.

A Simple Flow Line Model
We will nowuse the Standard Object Libraryliaild a model of a simplddw line in which entities
arrive to the systemare processed through a sequencewb serversand then depart the system.

888 (nai) B8 (enea)

We will model the arrival process of customers using the Source object, each server using the Server
object, and departure praess using the Sink object. We will use the Path object to model the pathways
between these objects.
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The mechanics of building this model is very simple. Open Simio and select New Model. Drag and place
the Source, two Servers, and a Sink. Now doulik ch the Path object to enter path drawing mode

and connect the output node of the sourcettte input node of Server tonnect the output node of

Server 1 to the input nod8erver 1, and finally connect the output node of Server 2 to the input nbde

the Sink Qick anywhere in the drawing space to terminate path drawing médeyv click on the Run

button on the left side of the Run ribbon and you will see your model start executing as shown below.

[ o>RAOO - Py Tas

[ Dvmere Awrap - L2

| % racimry o . i - |

Lilwaries

| Standasd LBvany

=
b

B

e ren ™~ 0 D0 Mo Mondny , Auguer 2%, FLANLTE A |

The green triangles are entities that represent thestomers moving through the system. Note that
each server has three green lines representingnations of thequeues owned by the server. The
animatedqueue on the left of the server is the input buffer where customers wait their turn to be
processedthe animatedqueue above the server is the processing buffer where entities sit while being
serviced, and thanimatedqueue on the right is the output buffer where entities wait to leave the
server.You can moveandresize these queue animations. Notatlhese are animation only constructs
and lengthening the animation quewdanges the number @ustomerghat can be animatech the
gueue, but not the actual number of customers that can béhmlogical queue. The later is changed by
selecting the sever and changing the buffer capacities in perty window Also note that the

actual number in the queue may exceed the number shown in the animated queue and it may be
necessary to lengim the animation queue to see all of the entities that arghe queue.

Note that you can pause and restart the simulation, or stop the execution of the model. You can also
step an entity at a time, fagbrward the run without the animation, or reset the model back to its
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starting conditions.You can perform grdpcal edits such as moving a Server, adding a new path, etc.,
while the model is running, but you must stop the simulation to change any of the object properties.

At this point the model is running with all default property values. We will now modihesaf the
object properties so that we can see thmpact of changing the waiting space betweeerverland
Serverdn the upstream blocking dderverlby Server2 Click Stop to stop the model from running and
click onServerlo displayits properties inthe Property window Expand theBuffer Capacitgategory

by clicking on the + sign, arst the Output Biffer capacity to 0 to eliminate any waiting space in the
output buffer. Next click orServer? expand theBuffer Capacitgategory, and set thinput Buffer
capacity to 0 to eliminate any waiting space in the input buffer. With these buffers now set to zero, all
entities betweenServerland Server2are forced to be on the path connecting the two servers. Now
click on this path and set th&llow Pasmg property to False which will force the entities to back up
behind each other on the path. If this path becomes backed up all the wagrterl this server will be
blocked from processing the next customer until space becomes available on the path.

Next we will add a status pie chart to each server so that we can animate the resource status of each
server as the model runs. Click arveriwhich will also automatically select the Symbols ribbon. Click
on the small down arrow to the right of Stet Pie, and then seleResourceStatrom the drop list.

Click in the facility window to add the vertex for the top left of the pie, and then click again to add the
vertex for the bottom right. This will add a pie chart that will animate the resouate &r Serverl

You can drag and resize this as needed. Repeat these same st8psvien2

We willnow improve our animation by replacing the green triangle with a 3D graphic of a person. Drag
a ModelEntityfrom the Project Library on the left pahend place it in the facility windowNote that

the ModelEntityis in the Project Library because it exists as a model in our proyect.will see a green
triangle with the nameDefaultEntity Note that if you select the Source object theity Typeproperty
specifies thiDefaultEntityas the type of entity to createTheDefaultEntityis special in thaSimio
automaticallycreates this entityfor youwithout you having to actually place it in your facilityhis is
doneso that simple models witlin without having to place an entity in the facilignd specify the

entity type on the sourceThis specially created entity becomes the first one that is placed in the facility
and any additioal entities that you place will be created omshen you a&tually place thenin the

facility. Now dick twice on theentity name and rename thB®efaultEntityto Customerg note the name

is automatically changed for tHentity Typgoroperty on theSourceas well Now that we have placed

the default entity (now amedCustomey we can change its graphical appearanisiete that by

selecting theCustomeryou can resize it, or select a color or texture from the ribbon and then click on
the entity symbolto apply the selection. To change the symbol click on the damwow in the symbol

pane to drop the list of symbols, scroll through the list and select a symbol of a person. The green
triangle will now be replaced by that symbol. You may wish to switch to 3D (by pressing the 3 key) to
view and resize the symbol withthe facility.

With these changes our running animation now agggeas follows. Sincerverls blocked byserver2
whenever the pathway between them is full you can alter the amount of blocking that occurs for
Serverl by moving the servers to charbe length of the pathway between them.
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Defining Model Properties and Experiments

There are two basic modes for executing models in Simio. The first mode is the interactive mode that
we have been using up to this point. In this mode you can witielanimated model execute and view
dynamic charts and plots that summarize the system behavior. This is useful for building and
verifying/validating the model as well as getting general insight into theveystem will perform. Once

the model has beenalidated the next step is typically to define specific scenarios to test with the

model. In this case we have no interest in the animation and we would like to replicate each scenario to
account for the underlying variability in the system and to restaftisticallyvalid conclusions from the

model. We will now turn our attention to the experimentation mode of Simio.

In the experimentation mode we define one or more properties on the model that we can change to see
the impact on the system performanc@&hese properties might be used to vary things like conveyor
speeds, the number of operators available, or the decision rule for selection the next customer to
process. These model properties are then referenced by one or more objects in the model.

Coninuing with our simple example weill add a modeproperty that we cameference andise to
control the processing time o8erver2 We will then run some experiments $ee the impact of
different processing timeby changing the value of this model perty. One wa to manually add this
propertyto the modelis to select the Definitions tab for the model, select the Properties panel on the
left, click in the ribbon on the down arrow for the Stamd Property, and select Expressiowe could
then retum to the Facility window and select this newly created property forRhecessing Timier
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Server2 However a short cut method to accomplish these same steps is to right click Brottessing
Timeproperty in theProperty windowfor Server2and selecCreate New Reference Property. This will
create a new reference property with the default naffecessingTimend dso specify this as the
valuefor the Processing Timgroperty. Hence we create the new property and set the reference to it
in a singt step.

Now that we have our neweferencedproperty we will define an experiment to see the impact of

varying this property. Add a new experiment by riglitking on Model in the navigation tree, and
selecting New Experiment. This will create a neweerpent with default namdexperimentiand also

select this experiment as the active project component. Youweeailyreturn to your model by clicking

on Model in the navigation tree. You can create as many experiments as you like for your model. For
example you might have one egpment to processing timesand another experima to evaluate

buffer sizeor staffing levels.

Our experiment shows a table, where each row of the table is a scenario to be executed. Note that each
scenario has aheck boxXenableddisabled, name, status (initially Idlegndreplications required and
completed, and a column for each referenced property on the modiee properties which are

referenced by the model are referred to as Controls since they contrahthés tothe model for the

scenario being runin this example we have a single referenced property naRmedessingTimehat is

used to contol the processing time fd8erver2

We can also add one or more Responses or Constraints to our experiment. A Respobseany valid
expression and is typically a key performance indicator (KPI) that is of particular interest to us in
comparing the scenarios. Although the Pivot Grid and Reports will provide detsieaits for the

model, we typicaljhave a few keyparameters that we would like to display directly in the experiment
table. We can also select a specific response to be the Primary Response for the experiment that is
displayed in the Response Chart for the experiméaConstraint is an expression thmust be satisfied
for the scenario to be validBoth Responses and Constraints may be used by custorimadolr

defining and evaluating the results from an experiment. For example the OptQuesi atily be used

to perform an automatic search to optizé the Primary Response, subject to any constraints that have
been defined.

Click orAdd Responsia the ribbonto add a new response to your experiment. In the property grid
change the response name TamelnSystenenter the response expressi@s
SinkL.TimelnSystem.Averagand select the Objective dinimize.

We will now define and run three scenarios which we will n@nwl] Medium, andLarge Enter these
names in theNamecolumn of the tableand change the number of required replications to 5 the
Process Timeolumn change the parameters of the triangular distribution for khediumscenario to.1,
.23, .33, and in theLargescenariochange these values t4,.26.36.

Now click on the Run button taitiate the batch running of these scemas. When you do so you will
see the status for one or more scenarios Running, and the remaining ones listed at Persdéagh A
scenario completes its S@plications it status will change from Running to Completed. If you are
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running on a multcore piocessor Simio will automatically assign replications to be executed across
each core of the computer. For example if you have a euaid processor Simio will run four
replications at a time.

Interpreting the Results
Your specific results for this exata will depend upon the length for your paths and size of your
customers. wever the results should look similar to the following:

Frolec Moms

Dasgn
Fomy b . . "~
(1) ‘ Q \'. i{ Starting Time: 7726/2010 12:00:00,.. - &y seeced

Reset  Add Re<ponse Remove  Add Constrant Ending Type: 7/27/2010 12:00:00... * Sulvset Stet &
Re=panse ) Selechion  Add-In +
Expartment am Setp Analyss Add-Ins
' . Design i flosponse Chart Prvot Geid %4 Reports Nrowse: Model\ Experiment 1 : Tncins »
Scenanio Replicatons Controls | Nawgahon: Model\Esperment]

States | Requred | Completed | Protessng Time TuneinSystem . Stan Fage

Compl., 50 IRERESRN Random.Trengular(.1,.2,.3} 0.0182743 | ¥ MySimoProject

campl... so SIS 7andom. Trengular(.1,.23,.33) #» ModeEntty

Compl.. 50 ISR Rzndom. Trenguiar(.1,.26,.36) | @ Mode!
! Experimentl
|

| Progerties: TmalnSystam (Respansa )
-~ General e
Kame TmeInSystom
i Expresson Sink 1. TimelnSystem,..
| Objectwe Minimize
Lower Bound
Upper Aound

1.6274028 seconds, Indicates if larger or smalier valoes of ths

i vee dre preferrad, This is moilable f
Experiment Experimentl. Scenario Small, replication 38 completed at simulation time 24. Actual run time: | et gppataiibhe sy

© stopped

Note that in this case th®ediumandLargeresponses folfimdnSystemare grayed out.Thisisthe

result of clicking o the Subset Selection button in the ribbon which causes Sinaatmmatically

separate the scenarios into two sets for each response: those that might be the best (shown in solid),

and those that can be discardas not the best (shown grayedit). Thisindicates thathe Small

A0SYIFNA2 OFly o06S adridradaolrtte aStSOGSR aKiKS aiy
0KS NBaLRyasS KlIa Y2NB GKFIYy 2yS YSYOSNI 2F (KS a0O2dz
single scenario usirtpe SelecBest ScenariasingKNadd-in. This addn employs the sequential

selection method by Kim and Nelsd8. Kim and B. L. Nelson, "A Fully Sequential Procedure for

Indifference-Zone Selection in Simulation," ACM Transactions on Modeling and Computer Simulation 11

(2001), 251-273) to automatically make the required additional runs to narrow the selection down to a

single best scenario.

You can also gain additional insight into your responses by viewing the Response Chart for the primary
response. Click on the Response Chart tab which brings up the following panel and ribbon.
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graphically displaya number of different summary statistics for each scenafibe black rectangular

box shows the region containing observations between a lower and upper percentile point (by default

.25 and .75). The black bar shows the range of all values. The tan box is the confidence interval on the
mean, and the blue boxesme confidence intervals on the lower and upper percentile poifitse dark

tan area is where the confidence intervals overlafou can also show individual observations, a

histogram, limits, or a line plot by toggling these on in the ribbon. You sarr@tiate the entire chart to

view it either vertically or horizontal.

Whenever you save your project the results for each experiment are also saved. You can discard the
results by clicking on the Reset button in the Design ribbon. Aftermgram expeément you can also

view the results and add additional replications (by changing the Replications Required) to reduce the
half-width of the confidence intervals.

You canalsoview thedetailedresultsfor a wide range of statistics that are recorded byaddt during

the rununder either the Pivot Grid or the Reports tab. The Pivot Grid is convenient for quickly drilling
into results of interest by letting you interactively analyze the results in the form of a dynamic rotatable
table. You can drag and gr@olumns in the table to rotate ar LJA #e daga. You can also filter and

sort the information that is shown. This isndar to features found in the pivdable provided by

Microsoft Excel. You can also export the results to external programs stott@lsThe Reports tab
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displays a more traditionally formatted report and provides flexible visual formatting for inclusion on
web pages or in printed documents and is useful in presenting results to others.

The results in the Pivot Grid and the Repatisw the average, minimum, maximum, and half width for
each of the variables that have been recorded during the simulation. By default the objects in the Simio
Standard Library automatically record a wide range of statistics. As you will see latenysmlemdively
control the statistics that are recorded.

Summary

Thischapterhas introduced the basic modeling concepts of Simiiée have introduced the concept of

a Simio project as a collection of models and associated experiments. We have alsacidrtte basic
concept of an object and how it is used as a building block for rapidly building and running 3D models in
both an interactive and experimentiah mode. In subsequence chapters will expand on this basic
knowledge to fully explore the modlag power of Simio.
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Chapter 2: Network Travel

Overview

In Chapter 1 we introduced the basic concepts for building and running etesetd models in Simio. In
our first example we modeled a single line of flow with entities arriving from the Soumeggxuing
through the two inline Servers, and then departing at the Sink. In this chapter we will look at Simio
features for controlling entity and transporter movemenigote that transporters are a special case of
entities: they are entities that cansad pick up, carry, and drop off other entities. Hence our description
of entity movements will also apply to transporter movements.

Entities may travel in either free space or over a network of links and nodes. In free space travel an
entity may move wiout the aid of other objects by setting its direction, speed, and acceleration. In this
case the movement is only governed by the entity and it can freely and independently move through 3D
space. In the case of network travel the entity moves over atined set of links and nodes. In this

case the movement is governed by both the entity and the corresponding links and nodes. Note that
different types of links and nodes can produce different types of travel behavior based on the internal
models for hose links and nodes. For example one link might impose comlikgdsehavior, and

another link might allow for independent movement and passing. In this chapter we will focus on
network travel.

Entities

Entities are dynamic objects that can be creaéed destroyed, travel over networks, and enter and

depart fixed objects thru their associated node objectfie dynamic entity objects are created from an

entity instance.You typically place one or more entity instances in your model by dragging tHeomin

your Project library or another custom library. The entity instance has a stationary location and is used
Fa F aGSYLX FGSé F2NJ ISYSNI GAyYy 3T REshofthedyndryidi A G A S &
entities may have both properties and stateBhe properties are defined by the entity instance and are
unchangeable during the run amthared across all the dynamic entities. However each dynamic entity

will have its own values for its states which may change as the model runs.

For example, assumege have an entity definition name@ersorthat has properties name8exand
HairColoy and states namethcomeand MaritalStatus Assume that we place two instancedP&irson

one we nameCustomerTypeAnd the other we nam€ustomerTypeB We can specitpe values ér
SexandHairColoffor either CustomerTypeAr CustomerTypeBAll of the dynamic entities that are
generated forCustomerType#vill all have the same value for these properties, and these values cannot
change during the runin the same wa all of the dynamic entities that are generated for
CustomerTypet#ill have the same nethangeable values f@exandHairColomas defined by the

statically placed entity instance f@ustomerTypeBHowever ach dynamically create@erson(from

either QustomerTypeAr CustomerTypeBvill have its own unique value fémcomeandMaritalStatus

and these values may be changed during the run.
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Networks

A network is a collection of one or more lirteger which entities travel In Simio you can define as
manynetworks as you need, and a link can be a member of multiple networks. This latter point is
important for modeling situations where different entities travel on their own networks, but share a
common pathway: e.g. workers and forklift trucks sharing armom aisle. For network travel an entity
must be assigned to a specific network over which they are permitted to travel. The collection of all
links is automatically assigned to a special network called the Global network. By default all entities are
assgned to travel on the Global network (i.e. they can travel on any link). The entity may change its
travel network at any time during the running of the simulation.

Consider the following graph of nodes and links, in which links A, B, C, D, and Feamoik fh, and

links E, F, and G are in network 2. Note that in this case we have link F common to both networks. The
red and blue links correspond to network 1, and the green and blue links correspond to network 2. Note
that the arrows in the graph dene unidirectional links. We will discussdidiectional links later in this
chapter.

Network 1: A,B,C,D, F
Network 2: E, F, G

Global Network: A, B,C, D, E, F, G

By assigning entities to networks we can control where in the system they can tFaredxample we

might assign a person entity to the Global network, an AGV to network 1, and a forklift truck to network

H @ Ly GKAa OlFasS LS2LX Sz !D+xQasx FyR F2NJ € ATFEG G NHO
network is assigned to améty by clicking on the entity instance in the facility window (you must first
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place the entity instance by dragging it from the Project library) and then settinbnitied Network
property.

In Simio a link may be added to an existing or new networkmoved from an existing network by

right clicking on the link. The links that belong to a specific network can be highlighted using the View
Networks drop list on the View ribbon. If multiple networks are selected for highlighting, then either the
Union(links that are a member in one or more of the selected networks) or Intersection (links that are a
member of all selected networks) can be highlighted.

Node Routing Logic

Whenever an entity departs a node with more than one departing link in its nettherkthe decision

of which link to travel along is based on the node routing logic. For example an entity traveling on
network 1 and departing node V will have 3 links to choose from based on its routing logic. However an
entity traveling on network 1 ahdeparting nhode W has only one option: i.e. link F.

In large and complex models we often have alternate pathways through the system and must specify
routing logic for controlling the movement of entities through the system. In the case of the Standard
Library the routing logic for selecting between multiple candidate links is specified by an outbound link
rule and outbound link preference. The outbound link rule specifies how the link is to be selected, and
the outbound link preference specifies if bihks are to be considerediy), or only those that are

currently availableAvailablg. An available link is one that can immediately be entered. The outbound
link rule is specified as eith&hortest Pattor By Link Weight

In the case of shortegtath the entity will select the path that is along the shortest path to its
destination (note that we will discuss the options for setting the destination for an entity in a moment).
Hence a person traveling on the Global network from V with its destinatet to Z would select link B at
node V (assuming B is available or &reyoption is selected). If the outbound link rule is specified as
shortest path but the destination is not assigned, then the link is selected by link weights.

When outbound linkule is specified as By Link Weight (or no destination has been set), then the link is
selected randomly using the weights specified for each candidate link. The probability of a given link
being selected is equal to its weight divided by the sum of thkts for the candidate links. All links

have a selection weight property that can be specified as a number or any valid expression. In the

simple case we can use these link weights like percentages or probabilities. For example if one link has a
weight of 80 (or .8) and the other a weight of 20 (or .2), then the links will be selected randomly with an
80/20 split.

In Simio a logical expression (exg> 2 will return a 1 if true, and O if false. This makes it very

convenient to use logical expressgofor specifying link selection weights. Note that in this case the
weights will dynamically change during the simulation based on the value of the logical expression. For
example, an expressidrathe.InputBuffeContentsNumberWaiting == Will have a slection value of 1

if the input buffer for the Lathe is empty, otherwise it will have a selection weight of 0.
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Example: Routing by Link Weights

We will now build simple model of a TV inspection and adjustment process to illustrate the use of link

weights for entity routing. Consider thelfowing exampleh y g KA OK ¢ +Qa F NNAGS G2 |
process, then undergo anspection in which 20% fail inspection and areaated back for adjustment.

2SS gAff KIF@S (KS NB anSpédfos s been@amplétatztNyS NB R dzy G Af NB

20% Fail

Open up Simio with a new project and place a Source, two Servers, and a Sink into the facility window.
Rename the Source and SinkAwiveand Depart and the Servers tAdjustandinspect and draw paths
connecting the outpuhode of the Source to the input node Afljust the output node ofAdjustto the

input node ofinspect the output node ofnspectto input node ofAdjust and the output node of

Inspectto the Sink. Select the return path from the output noddrafpectto the input node ofAdjust

and set its selection weight property to 20, and select departure path from the output node of Inspect
to the input node of the Sink and set its selection weight to 80. If you now click on the Run button you
will see entities bing randomly routed from thénspectserver based on the specified link weights.
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Next we will use Google warehouse to improve our animation by replacing the green triangles with a
symbol of a TV, and also change the color of this symbol to red wherfald inspection, and then back

to blue when a TV passes inspection. Drag out an instance dbfdadelEntityfrom the Project library

and place it in our facility. Select the entity instance, renam&jiand with the TV selected click on
Download Syinol in the Symbols ribbon and search for and seléEvVaymbol from Google Warehouse.
With the TVsymbol selected click on Add Additional Symbol in the Symbols ribbon; this adds a second
symbol to the list of symbols for this entity. You can change éetvthese symbols by selecting the

drop list below Active Symbol and then clicking on the symbol you would like to be active. Make symbol
0 active and color it blue, and then make symbol 1 active and color it red.

To change between these symbols during tbn we will make an assignment to thtodelEntitystate
variable namedPicture WhenPictureis set to 0 the entity will be drawn using symbol 0 (blue) and
whenPictureis set to 1 the entity will be drawn using symbol 1 (red). To change to the rdzbsypon
failure select the return pathRath4 from Inspectand click on the button in th8tate Assignments> On
Enteringstate assignment property to open the assignment editor. Click on Add button to add a new
assignment, specify the state BwdelEnity.Picture and specify the value as This will cause the
ModelEntitystate Pictureto be assigned a value of 1 upon entering the return pdtb.restore the

entity to the blue symbol followingdjustment click on the path departing Adjust, and ctiokhe

button in theOn Enteringtate assignment property to open the assignment editor. Add an assignment
to setModelEntity.Picturéo O (blue). This will cause alModelEntitiesentering the departure path

from Adjust to be displayed asblud.y2 dz y2 ¢ NBNHzy (GKS Y2RSt &2dz gAff a
red and blue as desired.
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Setting the Entity Destination

Whenever the routing logic is based on the shortest path a destination is required for the entity. When
using the Standard Library thlikestination for an entity may be set using the TransferNode by specifying
the Entity Destination Typand its associated property values. Since the TransferNode is always used
for the output side of the Standard Library fixed objects (Source, Servehifannetc.), you can always
specify the destination for an entity just as it departs any of the fixed objects in the Standard Library. To
specify the destination you click on the TransferNode on the output side of the fixed object and specify
the EntityDestination Type

There are four options for specifying tEmtity Destination TypeThe first option is t€ontinueand
specifies that the entity is to continue without reassigning the destination. This is the default option and
is useful when the entjtalready has its destination set.

A second option is to specifySpecifidestination. In this case a required associated property is
exposed for selecting thdode Namdrom the drop list. The node maybe be a simple name for a free
standing nodde.g.IntersectionA, or a compound name (e.lpput@Serverbr Output@ Serverifor a

node that is attached as the input or output node of a fixed object. Compound node names are always
specified using the formdiodeName@ObjectName

The third option for spdtying a destination iSelect From Listin this case we are dynamically selecting

from a list of candidate destinations based on several criteria, which inclu8ekation Godk.g.

Smallest Distanc€ycli¢ etc.), aSelection Conditiotihat must betrue for the node to be considered as

a candidate for selection, andBiocked Routing RuleK I i & LISOAFASAa AT |y adzyof 2
preferred. An unblocked node is one that can immediately accept the entity. For example a Server with

a finite buffer that is full would block any incoming entities.

The fourth option is to specify that the destination is to beBgtSequenceln this case we have
defined a specific visitation sequence (e.g. Drill, Lathe, Inspect, Depart) for each entite araid like
to set the destination to be the next node in this sequence. This is useful for modeling job shops in
which each entity has a different travel path through the system.

Regardless which method is used to set the destination for the entityshibetest path routing logic can
then be used to select the link that is on the shortest path to that destination. Note that although the
use of the shortest path rule requires a destination, having a destination does not force you to use the
shortest pah rule: i.e. you can still employ link weights to control flow at one more locations along the
way.

TheSelect From Lisind By Sequenceptions are both very useful and powerful methods for setting the
destination for an entity. We will now illustrateieh of these more advanced methods with an
example.

Example: Select From List for Dynamic Routing
In this example we will use thgelect From Lisbuting option to send the arriving entities to the server
with the fewest number of entities waiting in tlipieue. Consider the following system with arrivals

21-



Introduction to Simio

being dynamically directed to one of three servers based on the smallest queue |Swtrerlhas a
constant processing time of 20 minuteServerzhas a random processing time in minutes with a
triangular distribution and a minimum of 1, mode of 3, and maximum @&wverdas a processing
time of .1 minutes.

| N

4 4

- ‘ n| Serverl

o 1| Server2 Depart

»
bh»
PP | Server3

Open up Simio and place a Source, three Servers, and a Sink. Use a Path to connect the Source to the

input node of each of the three sengrand also connect each of the Server output nodes to the Sink.

Edit theProcessing Timier each of the servers (select tirocessing Timia the Property windowand

click on the down arrow to open up the Expression Editor and begin typing) and ttke Bgut Buffer

capacity for each Server to zero. This will force entities entering the Server to wait on the path since

there is no input buffer available. Change théow Passingption on the Paths connecting the output

node for the Source to theput nodes on the Servertealsed 2 (G KIF & GKS SyaGAadasSa oAt
the path. Note that you can select the first, and then use Con@litk to add the second and third

paths to the selection set, and then simultaneously change this propersliftree paths. This same

approach can be used to simultaneously set the input buffer sizes to zero for the three servers.

Before using thé&elect From Lisiption for selecting the destination we must first define our list of
target nodes. In this casour target nodes arnput@Serverl, Input@Serveadd Input@Server3 We
will create a list of these nodes for selecting our destination.

To define a list in Simio click on the Definitions window tab just below the ribbons, and then click on the
Lists con in the panel selector on the left. In the Create section of the List Data ribbon we can click on
the icons to create a string, object, node, or transporter list. Stringdist useful for creating

properties or states that have specific namedues (e.gSmall, Medium, Large Object list are useful

for selecting specific objects to interact witte.g. selecting an operator to seize. Transportes és¢

useful for selecting a particular transporter to request a pickup. In this case wWegltbe node icon to
create a node list of Server input nodes to select from for routing entities. We will give this node list the
name Servers, and populate it with the names of the input nodes for the three servers as follows:
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Now that we have defing our list, we will return to the facility model by clicking on the Facility window
tab. Click on the output node for the Source to specify the routing logic from this node to the three
Servers. In the Routing Logic section offineperty windowchangethe Entity Destination Typi

Select From Lisand specify thé&ode List Namas the newly created node list nam&arvers Next set
the Selection Godab Smallest Valuand keepthe default Selection Expression as:

Candidate.Node.InputLocation.Overload

Expressions are normally evaluated in the context of the parent objeitte entity object executing the
process logicwhich in this case is our main moaelthe entity being routed When we are searching

the nodes in the list we want to tell Simio tise the context of the candidate object we are looking at in
the search, and nahe parent olject or routing entity The keywordandidates used for this purpose.
The next part of the expression is telling Simio that the object type being examiaexbissNode The
InputLocatiorspecifies a reference to an input location at this node, typically the inpptocessing
station at the associated objecEinally the functiorOverloads a built in function on the Node class
that returns theoverloadat this node The overload is defined as the number of entities at this location,
plus the number waiting to enter this location, plus the number of entities traveling with this node as
their destination, minus the capacity at this location. Note thabaitive number indicates the input
location is currently overloaded (more there or on the way than the available capagity@gative

value indicates that capacity still availabldbased on those at or traveling to the Server.
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Although this will geneally balance the load between the three servers, we can make one additional
change to further improve the balance by specifytimg Blocked Routing RusessPrefer Available Note

that we can have a situation where boBlerverland Server2are busyServe3 is idle, but no one is
currently travelling to any of the servers. By specifyingRhefer Availableule we will selecServer3n

this instance, which produces a more balanced flow of work to the three Servers. Our final model with
these options skeis shown below:
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Example: By Sequence

In this example we will use tH&y Sequenception for setting theEntity Destinatiorproperty. This

option is useful for modeling situations in which an entity follows a specific sequence of destinations
throughthe model. For example in a job shop each part type might have its own production sequence
through the facility. To illustrate this functionality consider the following example where we have two
different part types being processed across three differsarivers. Part type A is processed in the
forward direction Serverl, Server2, Serveehd fart type B is processed in the reverse direction
(Server3, Server2, Serverl
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In this particular example the two part types dot share common pathsPartAwill always travel on a
distinct set of paths (showin green), andPartB will always travel on a separate set of paths (shown in
red). Hence in this case it would be possible to model this entity flow using twoetworks. We
would assign the green p#s to NetworkA and the red paths tdletworkB and have the two part types
follow their own subnetwork through the system, creating the desired flow through the system.
However this approach does not work in @kes: e.g. iPartB had a sequenc8erve3-Server2Server3
Routing by sequence provides the flexibility needed to model these more complicated flows.

\_Depart >

Begin by opening Simio, creating a new project, and placing the two Sources, three Servers, and Sink.
Also drag out two entity symbols from th&roject library and rename theartAandPartB Next we

will colorPartBred by clicking on the entity symbol, selecting the red color from the Symbols ribbon,
and then clicking on the entity symbol to apply the color. Double click the path symibel 8tandard
Library and draw the forward paths féxartA and then continue drawing the backward paths RartB
Change théentity Typeproperty for the second Source RartB At this point your model should appear

as follows:
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Our next step will bea create sequence tables fartAand PartBthat define their travel sequence
through the system. To do this click on the Data window tab just under the ribbons. The Data window
is used to define various types of data that can be used with your modelvarwill discuss this
functionality in detail in Chapter.5For now we will focus on creating Sequence Tables. In the tables
section click on Add Sequence Table and rename the Rdt\Seq Repeat this same step and rename
this second tabl@artBSeq Next drag thePartBSedab and drop it on the right window target so that

we can see both tables simultaneously (you can alternatively right click on either table tab and select
New Vertical Tab Group. Now enter the sequdnpait@Serverl, Input@Serelnput@Server3,
Input@SinkTor PartASegand enterdnput@Server3, Input@Server2, Input@Serverl, Input@sink
PartBSeq At this point your table data should appear as follows:
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If you click on the column labeled SequencPamtASedhe Property wirdow will display properties for

the sequence. The properfyccepts Any Nods by default set tdrueand allows for any node in the
model to be specified with its fully qualified ma (e.gInput@Serverll You can optionallghange this
property to Fal® then only fxed objects may be specified using abbreviated names with the input node
name and @ sign omitted for alk&d objects with a single input node (e.g. a Server). For example the
sequence foParASeqould be specified aServerl, Server2, Ser3, Sinkl This is particularly

convenient when importing routings from external da@urces (discussed in Chaptdr 5

Now that we have defined our routing sequences we are ready to use them in our model. Click on the
Facility tab to bring the facilitwindow to the front. Click on theartAentity and set its Initial Sequence
property toPartASegand click on thé@artBentity and set its Initial Sequence propertyRartBSeq

Now click on the output nodes for the two Sources and three Serverspauifgthe Entity Destination
TypeasBy Sequenc@ou can do this by group selecting with Corfodick). Clicking on the Run button

in the Run ribbon will now start the model executing.

Whenever an entity is routed from a node with tBg Sequenception, it automatically bumps its index

into the sequence. Hence each part type will be sent to the next destination that is listed in the
sequence table that it is following. As we will see later you can also change the sequence table that an
entity is folbwing during the simulation (e.g. after failing inspection a part may be assigned to follow a
rework sequence).

Summary

This chapter has focused on the concepts related to controlling the flow of entities between objects
across a network of links. Thelsasic concepts can be used to model a wide range of both static and
dynamic entity flows. In the next chapter we will focus on the logic that executes once an entity enters
the objects in the Standard Library.
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Chapter 3: Standard Library

Overview

In this chapter we will describe in more detail the objects in the Standard Library. This library is
designed to be a generic modeling library with a broad spectrum of application. So far we have already
made some use of the Source, Server, Sink, and Pathtstijem this library in the simple models that

we have built so far. We will describe these in more detail, as well as the library objects that we have
yet to use. However before describing these individual objects we will first introduce some general
modeling concepts that are employed by these objects.

Preliminary Concepts

As noted in Chapter 1 the objects in Simio have both a general behavior and specific behavior. The
general behavior is defined by one of five basic classes: fixed, node, liitk, and transporter. A fixed
object models some general activities that take place at a specific location and are triggered by the
arrival an entity. A node object models the starting and/or ending point of one or more links, and also
defines the entnyand exit point for a fixed object. Hence most fixed objects have associated node
objects that provide input and output to the object. A link object models the pathway betiveen

nodes. An entity object can be dynamically created and destroyed, mayerttough free space or

over a network of links, and move into and out of fixed objedEmally a transporter is a s@hass of

entity that can also pickup, carry, and droff other entities. Although the object class defines the
general behavior of ez object, the specific behavior is defined by an internal model for the object
definition. Hence each of these classes can have many different object definitions, each with different
specific behaviors for the corresponding objects that are placed indem Hence the Standard Library

is just one of many possible libraries that can be used for modeling. The ability to create custom
libraries is a very powerful feature of Simio.

There are number of important concepts that are employed in designing aitdiriy object definitions.
We will explore this topic in more detail in Chapter 6 where we explore the design and building of
custom objects. For now it is important to understand some basic concepts relagtations and
resources

Many of the object in the Standard Library make use of the conceptsiaon. A station is a

construct in Simio that is used to model a constrained location within an object. Entities can transfer
from station to station within an object. Only one entity can tran$fiéo a station at a time, and this
transfer can require time to execute. A station can also have a fixed capacity that will limit the number
of entities that are in process at the station. Whenever a station is at its capacity the station will block
anyattempts by other entities to transfer into that station.

As an illustration the Server object employs three stations nampdtBuffer Processingand
OutputBuffer An entity first enters the Server at theputBufferstation, then moves to th€rocesmg
station, and then finally moves to theutputBufferstation. Each station in Simio has two internal
gueues named th&ntryQueuand Contents The queue namelintryQueudolds entities that are
waiting to transfer into the station, and th@ontentsqueue holdghe entities that are currentlyocated
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insidethe station. Hence the expressi®erverl.Processirigontentdenotes the queue of entities in
the Processingtation at Serverl, and the expressiBarverl.Processing.EntryQuelamotes the queue
of entities waiting to transfer into th€rocessingtation. Likewise the Vehicle object employs a station
namedRideStatiorio hold the entities that are currently riding on the Vehicle.

Many of the objects in the Standard Library also declare therasels aesource If an object declares

itself as a resource, then it has a changeable capacity that can be seized and released by other objects.
The object also as a queue namiltbcationQueu¢hat holds a prioritized list of other objects that are
waiting to seize it. When capacity becomes available it can be allocated statically based on this
prioritized list, or dynamically based on usmrstomizable rules. Thigiar feature makes for very

flexible resource allocation. As we will see latdjects can implement logic to either accept or reject a
seize attempt by another object. When an object is seized a visit request can also be made to have the
seized object travel to a specific location. In this case the request is placed\isititequegpueuefor

the object and the object can then decide when and if to visit the requesting object. Hence seizing and
moving a resource object requires cooperation between the seizing object (e.g. a workstation) and the
object being seized/moved (e.g. an optar). These features will be described in more detail in Chapter
5.

Within the Standard Library all of the fixed objects, nodes, and the Veimdé&Vorkerare declared as
resources. You can also add entities and transporters to your project aradeldum as resources.

The Standard Library also contains a fixed object named Resource that is specifically provided for use as
a stationary (nommoving) resource object for seizing and releasing.

All of the objects in the Standard Library support tbaaept of AddOn processes. An Addin process

is userdefined process that may be inserted into the object logic at a number of predefined points. As a
result you can actually customize the behavior of these objects without having to create new objects.
We will discuss this functionality in detail in ChapteMbst of the Standard Library objects also

support the concept of entity state assignments upon arrival to and/or departure from the object.

Source and Sink
As we have already seen in our previexamples, the Source and Sink are fixed objects that are used to
dynamically create and destroy entities. We will now exam each of these objects in more detail.

The Source is comprised of the main Source object plus the associated output node (tyferNade
namedOutput You independently select and edit both the main Source object and the associated
output node. The main Source object hasQuitputBufferstation that holds entities that are waiting to
exit the source through the associated outputde. Once an entity successfully transfers into the
network through the output node it then departs ti@utputBufferstation that is owned by the Source.
The relationship between the OutputBuffer station that is owned by the Source, and the associated
Output node is shown below:
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By default the Source includes an attached animated queue that displays the entites in
OutputBufferContentsgueue. Note that an animated queue can be added as either a detached queue
or an attached Queue. An attachgdeue is one that is defined in the context of and moves with the
associated object, whereas a detached queue is-fiegting and defined in the context of the parent
model. Hence if you drag the Source object the attached animatggutBufferContentsqueue will

move with it. If you place a Source, click on the output queue, and press the delete key you will delete
the animated queue. Note that this does not in any way impact the logic for the Sothredogical

station queue still exists its conents are simply no longer being animated. Tattach an animation
gueue to the Source click on the Source object in the facility, click on the down arrow on the Queue
icon, and selecDutputBufferContentsrom the drop list. To add a detached queuest the

Animation ribbon and click on the Detached Queue icon. In this case you must enter the Queue State
property to animate using the fully qualified name (eSgrverl.OutputBuffeContents.

Thearrivallogic properties for the main Source objéatlude theEntity Type, Arrival Modend Entities
Per Arrival along with additional properties that switch in and out based onAléval Mode TheEntity
Typespecifies the type of Entities created by the Sour€beEntities Per Arrivgiroperty speifies how
many entities are to be created for each arrival event at the saurce

TheArrival Modeproperty governs the pattern of arrivals. The default mode is specifidatesrrival

Time which switches in properties for specifying fhiene Offsefor the first arrival, andnterarrival

Timefor subsequent arrivals. The modane Varying Arrival Rate used to model a nehomogenous
Poisson arrival process in which the time varies according to a Rate Table that is defined in the Data
window. To crate a Rate Table select the Data window, click on Rate Tables in the selection panel on
the left, and then click on Rate Table in the ribbon, which then creates a default Rate Table. A Rate
Table is a set of equal size intervals that specify the medawaarate during that interval. Note that the
arrival process is random and so that actual number of arrivals during a given interval may be more or
less than this expected value. You can specify the number of intervals as well as the interval size. The
Rate Table will automatically repeat once it reaches the end of the last interval. The following shows a
Rate Table with six intervals, each four hours long. Once this Rate Table is defined, it can then be
referenced with theTime Varying Arrival Rataode.
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The modeArrival Tablas used to generate a specific set of arrivals based on arrival times specified in a
table that is defined in the Data window. To use this mode we must first create a table that contains a
list of arrival times that entitieenter the system. To create an Arrival Table select the Data window,
click on Tables in the selection panel on the left, and then click on Add Data Table in the ribbon, which
then creates a default Data Table. We will rename this table by changimdathe property in the

Property windowto CustomerTable We will now click on the down arrow for Standard Property and
select a Date Time property to add to the table, and rename this property ArrivalTime. We can enter
arrival time values into this table agown below:
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Once we have defined are arrival table we can then reference this table and arrival time column using
the Arrival Table mode for the Source object. In this example the Arrival Table is specified as
CustomerTable.ArrivalTimé'he Source Withen generate arrivals at the times specified in this table.
We will discuss the creation and use of Data Tables in much greater detail in Chapter 5 where we
describe the use of tables for building data driven models.

TheOn Evenimode is used to creata new entity every time an event fires, and switches in a property

for specifying theevent Namédor the triggering event. Many of the objects in the Standard Library fire
events at selected times, and we can use these to cause the creation of a rigg Ear example

specifying the triggering event asput@Sink1.Enteredould cause the Source to create a new entity

each time an entity entered the input node at Sink1. When selecting this mode you can also specify the
property Initial Number Entitiego create an initial set of entities in addition to those that are created

for arrivals that are triggered by each event firing.

Source Stopping Conditiogh 2 4 S G KIF G GKS {2dz2NDOS 2062800 |ftaz2 LINRO
category of properties that Elws you to easily stop arrivals generated by the source using one or more
of the following conditions:

9 After a specified Maximum Arrivals has occurred.
9 After a specified Maximum Time has elapsed.
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91 After a specified event has occurred.

The Sink objeds the counterpart to the Source objecit destroys arriving entities and removes them
from the system. The Sink is comprised of the main Sink object plus the associated input node (type
BasicNode) namekhput. Only one entity at a time can be procedd®/ the Sink. The Sink has
InputBuffer station that holds the entity being processed for the specifieshsferin Time Entities are
transferred from the network thru thénputnode and into thdnputBufferstation. The relationship
between thelnputnode andinputBufferstation is shown below:

Sink

[ InputBuffer J

-\\/\/L-Z

R Netwark

The Sink comes with an attached queue for animating the entity inrghatBufferstation. The Sink
automatically records the average time in system for entities that are destroyed by the Sink.

Server

We have used the Server object in several of our previous examples to model a constrained service
operation. The main Server object has two attached objects: an input node (type BasicNode) and an
output node (type TransferNode).

As noted earlier the main Sesr is modeled with three stationdnputBuffer, Processingnd

OutputBuffer An arriving entity typically enters from the network through thputnode to the

{ S NJarpNBERfier proceeds througtProcessingand then waits in th©utputBufferto move through

the output node and into the network. Note that the network may be blocking an attempt to transfer
out through theQutput node (e.g. a path with no passing may be fully backed up and have no available
space). In a similar way when the Servéulist may be blocking the network on the input side.

w N
Server N /A

Output il/rq:;jk\"{

Both thelnputBufferand theOutputBufferstations can have their capacities set to zero which causes
them to be removed from the logic. Hence if tBeitputBuffercapacity is specified as zero thetigy

—

[ InputBuffer ]( Processing ][ OutputBuffer
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completingProcessingvill wait inProcessingo move through the output node and into the network.
Likewise if thdnputBuffercapacity is set to zero, then entities that are entering from the network
through the input node must proceed directly tioe Processing station of the Server. If the Processing
station is at its capacity it will block entities attempting to enter the Server.

Whenever processing capacity becomes available the next entity to be processed is selected from the
InputBuffer ThelnputBufferis ranked based on the Ranking Rule property, that can be specifiésas

In First Out, Last In First Out, Smallest Value First, or Largest ValuerFihgt last two cases you specify
an expression on which the ranking is bagedg. yu could rank the queue based on processing time

or due date. If ndynamic Selection Rukespecified then the first entity in the statically ranked queue

is selected for processing. However Bynamic Selection Rukespecified, then all entities ithe queue

are examined and considered for selection based on the specified rule. These rules Smohlfdest

Value FirsandLargest Valueifst, which from their name seem like similar options to the simple
Ranking Rule However this dynamic ruleastually more flexible and powerful (although slower to
execute) because it revaluates the expression for each entity at the time each decision is made. For
example an expression that has a term that computes if the entity is tardy (by comparing idaiuto

the current time) would correctly use the current time when making this decision, and not the arrival
time to the queue. The three campaign rules are used to make selections in an increasing or decreasing
order based on a specified expressidtor examplea Server modeling a painting operation may move
from light to dark colors, and then start over with the lightest color once no darker colors remain.

TheTransferin Timgroperty on the Server specifies the time required for an entity to transfto the
Server object. Only one entity may transfer at a time, and processing of the entity may not start until
this transfer is completed. THerocessing Timaroperty specifies the time required to process the
entity at the Processing station.

TheServer object can be used to model either a single server or a single processing center with multiple
identical servers, depending upon the capacity specified for the Processing station. The Processing
station is governed by @apacity Typthat is spedied as either d&ixedcapacity, or based on a
WorkSchedul€eTo specify a capacity based olvarkScheduléirst create a schedule by clicking on the

Data window, selecting the Schedules panel on the left, and then clicking on Add Schedule in the
Scheduleibbon. A schedule is made up of two parts: a repeating work cycle with superimposed work
exceptions. A work cycle defines a repeating work pattern that defaults to seven days, but can be set to
any arbitrary number of days. You then define the cytelm$ that define on and off shift periods within

the repeating work cycle. By default the schedule is off shift, so normally you only define the on shift
periods. You can either add cycle items to the work cycle from the ribbon, or you can right ahigk at
location on the work schedule to add a new item. You can drag any cycle item to a new location, stretch
its length. You can copy a cycle item by clicking the day where you are copying to, then hold down the
CTRL key and select the item that is tacbpied, and drag it to the day where it should be copied. You

add and edit work exceptions in a similar way. A work exception is use to override the underlying work
scheduleg e.g. to specify holidays or overtime. The following shows a simple syemork schedule
namedStandardShifthat defines a capacity of one fromI2 and 15 on Monday thru Friday. Note that

a single work schedule can be referenced by multiple servers.
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When modeling multiple servers there is always the option to model easlesas a separate Server
object in Simio, or use a single Server object with a capacity set to the number of serverdtefle la
far simpler and will produce identical results as long as all the servers have the same performance
characteristics, and aiting customers always go to an available server.

The Server also provides options for failures that halt processing by the Server during the failure. The
failures supported includ€alendar Time Based, Processing Count Baeddvent Count Basednall
three cases the failure duration is specified by Thme To Repaproperty.

By default the Server object has animated queues fortipaitBuffer ProcessingandOutputBuffer
Again these are animation only constructs and have no impact on thedbtfie Server. It may be
necessary to lengim the animation queue to see all the entities that are actually in the station.

Combiner and Separator

The Combiner and Separator are similar to the Server in many ways, however provide additional
functionalty to combine several entities together, and then to separate them or to make copies of a
single entity.

The Combiner is used to model a process that matches multiple entities, groups those entities into a
batch, and then attaches those batched membiers parent entity. For examplé we have parts

being placed on a palette, the batched members would be the parts, and the parent entity would be the
palette. The individual batched entities can later be split out using the Separate.
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The Combiner isomprised of a main object plus three associated node objects, including an input node
namedParentinputfor the parent entities, an input node namddemberinputfor the member entities,

and an output node name@utpu for the batched entities. The mairo@biner object has four
stations:ParentinputBufferMemberinputBufferProcessingandOutputBuffer Arriving parent entities
transfer from the network thru théarentinputhode to theParentinputBuffestation, and arriving

member entities transfer fronthe network thru theMemberinputnode to theMemberlnputBuffer

station. The entities are then formed into batches in Br@cessingtation, and then wait in the
OutputBufferstation to depart into the network through th®utputnode. The relationship bereen

these node objects and the associated stations is shown below:
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The properties for the Combiner include tBatch Quantityand Matching Rule A batch is formed by
selecting the number of members specified by Betch Quantityffrom the member queugand
attaching them as a batch to a single parent entity selected from the parent queueMathking Rule
options includeAny Entity, Match Memberand Match Members and Parentin the case ofny Entity
then entities are selected in the order thatdy are ranked in the queue. In the caséMatch Members
then a batch can only be formed if the member entities all have the same value fivtehider Match
Expression In the case dflatch Membersand Parenthen a batch can only be formed if the member
entities all have the same value for tMember Match Expressipand there is a waiting parent entity
with the same value for thParent Match ExpressiorThe batched members are carried by the parent
entity in a queue name&atchMembersvhich can be amated on the parent entity symbol.

The processing capacity and reliability for the Combiner are specified similar to the Server. A good way
G2 GKAY1l lto2dzi GKS /2Y0OAYSNI Aa GKIFIG AdQa | aLISOAL
processing logifor batching.

The Separator is used to model a process that separates batched members from a parent entity, or
makes copies of an entity. Essentially the Separator is a mirror image of the Combiner. The Separator is
comprised of a main object plus tle@ssociated node objects, including an input node nampdtfor

the arriving parent entities, an output node namBdrentOutputor the departing parent entities, and

an output node named/lemberOutputfor the departing member entities. The main Separaibject

has four stationstnputBuffer ProcessingParentOutputBufferand MemberOutputBuffer Arriving

parent entities transfer from the network thru thieput node to thelnputBufferstation. The entities

are then split apart or copied in tHerocesingstation, and then the parent entities wait in the
ParentOutputBuffestation to depart into the network through thBarentOutpuinode, and the
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member entities wait in thdvlemberOutputBuffestation to depart to the network thru the
MemberOutputnode.The relationship between these node objects and the associated stations is shown
below:

Separator

Parent
N Output

™ / 7 > / L7
\ ~J [ ParentOutputBuffer J \ R

[ MemberOutputBuffer ] / \2\/\/\/\‘

Member A
Qutput

The processing logic for the Separator is controlled byStgaration Mod¢hat can be specified as
either Split Batctor Make Copies In the case of th&plit Batbt option, entities that are carried by the
parent entity in itsBatchMembergjueueare split off and transferred to thBlemberOutputBuffer
where they wait to depart the Separator. The parent entity is then transferred to the
ParentOutputBuffer when it wes to depart the Separator. The number of entities that are split off is
specified by the Split Quantity property which defaults to th&al number of members in thparent

S y i Bétahdeinbersjueue In the case of thake Copiesption members arereated by cloning
the parent entity, with the number of newly created members specified byGbpy Quantity

Example: Combine then Separate

In this example we will model the arrival of two different entity types that have independent arrival
processes andre combined together, processed as a combined batch, and thdratained before
departing the systems. Each entity type arrives randomly with an exponential time between arrivals
with a mean of 1 minute. The time to batch two entities is a constantirites, and the time required
to un-batch the entities is a constant 1 minute. The processing time for the combined batch has a
triangular distribution with a minimum of .5, mode of .8, and maximum of 1.2 minutes.

Begin by opening Simio and selectingeasimodel Project. Now place two entities from the Project
Library and rename thearentandMember. Resize th®arententity to make it larger. Select the
Parententity and click on the down arrow below the Queue icon on the Symbols ribbon and select
BatchMembers Using the cross hair cursor draw the attached queue just abovedhententity (make
adz2NB AlGQa f2y3 Sy 2 Mehferdintly) ad@tiyei teriniyiatelqueuefd@wirg itha y S
right-click. Note that this attached queue will ardate any member entities that are held in the
BatchMember®f the Parent entity. Now select tidemberentity, select the color red, and click on

the Memberentity again to apply the color. Drag out two Sources, a Combiner, a Server, a Separator,
and twoSinks from the Standard Library. Now connect the objects with Paths as shown below:
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Change thdnterarrival Timédor both Sources t®Random.Exponential(1and change th&ntity Typdor
Source2 tdMlember. Set theProcessing Timgroperties for the Coriner, Server, and Separator 15,
Random.Triangular(.5, .8, 1.2lnd1 minute respectively. Now run the model to watch the batching
and unbatching process.

Basic Node and Transfer Node

The Standard Library contains two different object definitions/pé node. The Properties for these
nodes were described in detail in Chapter 2. The BasicNode models a simple capacitated intersection
with both Shortest Patland By Link Weightouting logic. The TransferNode provides additional
functionality to supprt setting/changing the entity destination as well incorporating transport logic to
support riding on transporters. We will discuss this option in more detail later in this chapter.

Within the Standard Library the BasicNode is used as an associatetabjbe input side of a fixed

object, and the TransferNode is used as an associated object on the output side of a fixed object.
Although these node objects are mostly used as associated objects with other fixed objects, these can
be also be freestandirg objects that are used to model intersecticarsd even iHine processing

locationsin a network of links and nodes.

Nodes have a parking station namdrkingStatiorwhere entities/transporters can pull into and out off
at the node location. A parkingasion allows entities to be associated with a node in the network, but
be removed from the crossing area of the node so that other entities can pass through without
constraint.
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[ ParkingStation ]

Network

The entities in the parking station at a node can be animated by cliokirige node, clicking on the
down arrow on the Queue icon in the Appearance ribbon, and adding an animated queue to display the
entities in ParkingStatio@ontents

Connector, TimePath, and Path

Three commonly used links in Simio include the ConnectmeRath, and Path. The Connector is used
to transfer an entity between two nodes in zero time. The only property on the Connector is the
Selection Weightised for routingBy Link Weight The TimePath is used to transfer an entity between
two nodes with aspecifiedTravel Time The TimePath can also have a limifedvel Capacityand an
Entry Ranking Rufer controlling the order in which entities enter the TimePath.

The Path is used to model a pathway in which each entity on the Path can moveven isssigned
speed. As a result the Path hasAdlow Passingroperty that governs what happens when a fast
moving entity closes in on a slower moving entity. The Path also &peeat Limiproperty that will

limit the speed of any entities moving ththie Path. By default the travel of the path is based on the
geometric length of the pathway that is drawn in the facility. If goaphically increase the length of
the physical paththen youalsoincrease thdogicaltravel distance. You can also #et Drawn To Scale
property to false which allows you to specify thegical Lengtlof the Path.

Both the TimePath and the Path havéypeproperty that can be specified amidirectionalor

Bidirectional If you set this property to Bidirectional thentities can travel through the link in either
direction. However witlBidirectionalinks traffic can only travel in one direction at a time. For example
if aBidirectionalink is drawn between nodes A and B, then any traffic traveling from B to Avmaits

for all traffic traveling in the link from A to B to complete their travel and exit the link.

With Bidirectionalinks it is very easy to create situations where the traffic will deadlock. The link
network should be designed in such a way that deekks are avoided.

Example: Bidirectional Paths

In this example we have two different parts that travel in opposite directions through a bidirectional
network with sides provided to avoid deadlock. Our example model is shown bBlaktAentities

enter atSourcefand have their destination set on the Output node 8wurceAo SinkA PartBentities
enter atSourceBnd have their destination set on the Output node 8ourceBo SinkB We have
placed four freestanding BasicNodes vertically alignedhia tenter of the facility to represent
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intermediate intersections. We have drawn Paths between nodes as shown aAticsetassingp
Falseon all Paths. We have also set the two vertical Paths in the center of the facBigtitectional

Note that entities will automatically wait for oncoming traffic to clear before enteringidirectional

link. Note also the crucial role played by the two side pathways in the center of the facility to buffer
against deadlocks with the twBidirectionalpaths. Wihout these side pathways traffic would deadlock
at the intersection of the twdidirectionalpaths.
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The fourth type of link provided in the Standard Library is the Conveyor. In contrast to the Path where
the entities can move independently different speeds across the link, with a Conveyor the entity
movement is governed by the current speed of the Conveyor. Entities merge onto and consume space
on the conveyor and rely on the conveyor to provide their movement. Adeaimulatingproperty

determines what happens with the Conveyor when an entity reaches the end of the link and is blocked
from continuing. IAccumulatings Truethen the conveyor does not stop moving and the moving
Conveyor is assumed to slip relative to the stopped entitythis case trailing entities will accumulate
behind the stopped entity. Kiccumulatings Falsethen the Conveyor is also stopped. The Conveyor

will start moving again at thBesired Speeance the blockage is removed.
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By default entities can merge tmthe Conveyor at any location. Some conveyor devices (e.g. bucket
conveyors, ski lifts, etc.) only allow entities at fixed locations along the device. This can be modeled by
changing theentity Alignmenproperty fromAny Locatiorio Cell Locatiopandthen specifying the

Number of Cells on the Conveyor.

Example: Merging Conveyors

In this example we have two different types of boxes arriving along separate accumulating conveyors to
a merge point, where they continue along a third accumulating conveyarderver. Following a

labeling operation they continue on a fourth accumulating conveyor to their departure point from the
system. Both box types arrive with an interarrival time is that is exponentially distributed with a mean

of .5 minutes. The seice time has a triangular distribution with a minimum of .1, mode of .2, and
maximum of .3 minutes. The conveyor supplying Box1 moves at 3 meters per second, and the conveyor
supplying Box2 moves at 4 meters per second, and these merge @ptovayor movig at 2 meters per
second. The boxes depart from the server on a conveyor moving at 2 meters per second. The facility
layout is shown below:

Box1 \/- ~. 3
E(.5) -»<{_ Depart
y \, A 5
N T~ ‘ Labeling } e
Box2 )—" 4
T(.1,.2,.3)

E(.5)

Begin by opening Simio and selecting a new model Project. Place two Sources, a Basic Node, Server,
and Sinkand connect them with conveyors. Now place two entities from the Project Library and

rename themBoxAand BoxB and select new symbols for the entities from the Project Symbols on the
Symbols ribbon. Edit the parameters for théerarrival Timeon Souceland Source2and change the

Entity Typdor Source2o BoxB Set the InputBuffer capacity to 0 fS8erverl(which causes entities to
accumulate on the conveyor at the input to the Server), and change the conveyor speeds coming out of
the Sources to a&nd 4, respectively. Click on each conveyor and apply the Path Decorator for the
conveyor. The model is now ready to run and shown below:
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Vehicle

The Standard Library hagm@ansporter definition named Vehicle. The Vehicle may be used to transport

objects between node locations in the network. A transporter has a single station named RideStation

where entities are held during transport. The Vehicle can be used to model devices that follow a fixed
route (e.g. a bus, train, etc.), or respond to dynamiguessfor pickups (e.g. taxi, AGV, etc.). To use

the Vehicle you drag a Vehicle object from the library and place it anywhere in the facility model. You
then click on this Vehicle object to edit its properties.

The routing logic for a Vehicle is colted by properties that specify tHaitial Nodeand Routing Type
Thelnitial Node(also referred to as the Home node) specifies the starting location for the transporter.
TheRouting Typés used to specify if the transporter followd-&xed Routeor responds tadOn Demand
request for pickups and drepffs. In the case dfixed Rout¢he sequence table name defining the
Route Sequends also specified. In the case@fi Demandhe Idle Actiornto take when there are no
active pickup®r drop-offs to perform is also specified. The options Idie ActionncludeGo To Home
(travel to the Home node but remain on the networRemain In Plac@.e. remain at current location

on the network),Park At Hométravel to the Home node and pull into the pargiarea at that node),
Park At Nodé€pull off the network into the parking area for the current node), &abhm(move

randomly through the network based on link weights).

Note that when modeling with transporters it is typically desirable to add animatedies for the

parking stations at each node where the transporter may park. This would includieitiahbNode

where the transporter starts, as well as any nodes where the transporter may park along the way. If you
do not add these animated queues toette nodes then the transporters will show updefault parking
gueueswhenever they are parked in the parking station.
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By default, a parking area is supplied adjacent to each node. Whenever an object (such as a vehicle)
parks at the node, the Parking @eueoptionis enabledor the nodeon the Appearance ribbon, then

the object will be displayed in the default parking queue. If you want to customize panhkimgitionin

any way thenyoumaydisable this option andse the Draw Queue button in the Appeaace ribbon to
manually add the nod® BarkingStation.Contents queaaimation

The transport logic for ®ehicleis defined by theRide Capacity, Load/Unload TimaadTask Selection
Strategy TheRide Capacitgpecifies the maximum number of passengatities that can be carried by
the transporter. Thé.oad/Unload Timespecify the time required to either load or unload each
passenger that gets onto/ off of the transporter. Thask Selection Strategpecifies a rule that the
transporter uses toeect its next pickup or dropff task to perform. The strategies supported include
First In Queue, Smallest/Largest Distarzce] Smallest/Largest Priority

The Initial Number In Systgmnoperty in theDynamic Objectsategory on the Vehicle can be used

specify the initial number of vehicles in the system. This quantity of vehicles will be created and placed
into the parking station for thénitial Nodeat the beginning of each run. Note that it is also possible to
dynamically create and destroy velds as the model is running.

When using a transporter you must specify that entities at specific pickup points are to ride on the
transporter. You can do that using the TransferNode in the Standard Library. Note that the
TransferNode is used for the quit node of the fixed objects (e.g. Source or Server) and this makes
transporters available for access at these locations. To specify that the departing entity is to ride on a
transporter (as opposed to moving through the network on its own) you seRite On Transporter
property for this node tal'rue and then either specify 8pecifidransporter to use, or select the
transporterFrom List In the later case you also specifiR@servation Methotbr reserving a pickup

when there is no transporter aioyr current location, and &election Goalnd Selection Conditiofor
selecting between available transporters that are currently at your location. Note th&éservation
Methodis only employed if there is no local transporter to select. The avalRdservation Methods
includeReserve Closest, Reserve Best, and First Available at LocHtieReserve Besiption applies

the selection goal and condition that is used for selecting local transporters. Note that transporters will
be travelling throud the network performing drofffs for its riders, and also pickups based on
reservations that have been made. THiest Available at Locatiomaits for a transporter with available
capacity to pass through this location and makes an immediate reservaiibrthat transporter.

By default a transporter with available space will always pick up a rider, and an entity will also ride on an
available transporter. As we will see in Chapter 4 you can employ aaragobcess for a transporter to
evaluatetranspat requestsand refuse giving rides to specific entities. Likewise you can employ an add
on process for an entity to evaluate and reject a candidate transporter. This gives added flexibility for
controlling how transporters are used within the model.

A \khicleobjectwith Routing Typéi LIS OA F A SR | canals$ébeizedSeeasedy &i@r objects

for processing tasks. Each vehicle has a resource capacity of 1 and thus may be seized and used for one
task at a time. When seizedy#sit requestto a speified node locatiortan also be made for a Vehicle.

Note that, f being used for both processing tasks as well as transport tasks, a vehielevayi
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prioritize seizevisitrequestsoverany newtransportpickup request. Hence the Vehicle has dual
modes: as a moveable resource (esignilar to aworker) that is seiz@and released and travels from
location to location in the model, and as a transporter that can pickup, carry, and drop off entities at
different locations.

Example: On-Demand Pickups

Inthis example passengers arrive to the system with an {atewal time that is exponentially

distributed with a mean of 5 minutes. The passengers are picked up at the arrival point by a vehicle that

can hold up to two passengers at a time, and transptiiem to the entry location for a service area,

where their service time in minutes has a triangular distribution with a minimum of 1, mode of 2, and

maximum of 3. Once passengers complete service they are then picked up by the same vehicle at the

sevi | NBFQa SEAG t20FGA2y FYyR OFNNASR (G2 GKS RSLJI N
unload a passenger and can travel 2 meters/second on pathway that has both unidirectional and

bidirectional links as shown below.

Arrive

E{S} T{1,2,3}

“C—C

Begin by opening Simand selecting a new model Project. Now drag out a Source, Server, and Sink
and connect them with Paths as shown, changingfyugefor Path from the Server to the Sink to
Bidirectional Edit thelnterarrival Timdor the Source an@rocessing Timier the Server, and set the
InputBuffercapacity for the Server to 0 (causing the Server to block the Vehicle orotig)p

Now drag an instance of the Vehicle into your model. Setrilil Nodefor Vehiclelo
Output@Sourceand change thédle Actionto None(which causes the Vehicle to sit at its current
location when it goes idle). Also change Ride Capacitto 2 and set thd.oadandUnload Timeo .3.
Click on the output node at Sourcel and add an attached animation queBarfkingStatiorCatents.
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Finally change thRide On Transport@roperty to trueand theTransporter Naméo Vehiclelon the
output nodes on the Source and the Server. The model is now ready to run and is shown below:
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Workstation and Resources

The Workstation is by fahe most complex model in the Standard Library. The Workstation is similar to
a Server with capacity one, except that it models Brecessingtation in far more detail. The
Processingtation is represented by an operation that is divided into thréstidct activities:

SetupActivity, ProcessingActiviyd TeardownActivity Each entity moving through the Workstation

will perform each of these activities within the Processing station.

Workstation PN < T

r y ’ \ Output g
L InputBuffer J [ Processing ] L QutputBuffer J ‘ S i
|
- N— “ ﬁ/\/\/\]

Operation

SetupActivity | ProcessingActivity | TeardownActivity

The entities passing through the Workstation represent a prtidadot, where the number of items in
the lot is specified by th®peration Quantity There is a single setup activity required before starting
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production for the lot, and a single teardown activity performed once the production lot is completed.
Duringprocessing the production lot may be divided into smaller production batches that are
sequentially processed.

The time required for th&etupActivityis determined based on th8etup Time Typevhich can be
specified asspecific, Change Dependemt Seqence Dependent The last two options dynamically
calculate the setup time based on @peration Attribute TheOperation Attributeis an expression
evaluated for the entity that typically involves one or characteristics (e.g. color, size, etc.) that are
selected from a list. In the case o€aange Dependesttup we have two possible setup timesne if
the Operation Attributeexpression remains the same (e.g. same color as last operation), and one if this
value changes. In the case dfequence Demdentsetup the time is given by a Changeovers matrix
that is defined in the Data window. To create a Changeover matrix you must first define a list of
possible values (e.&mall, MediumandLarge or Red, Green, Bljieand then specify that list farse in
defining the matrix. In this case each possible changeover (e.g Snoafito Large has a different
setup time.

Once theSetupActivitys complete theProcessingActivitis started. By default the entire production lot
is processed as a singlatbh, however you can also specify a smaller batch size usirRyticessing
Batch Sizeroperty.

TheOther Requirementsategory includes properties for specifying additional constraints on the
production process. Clicking on the repeating dialog buitathe Secondary Resourcpsoperty opens

up the Secondary ResourcefRepeatingProperty windowwhere you can define one more additional
resources that are required during one or more activities. For example you might require an operator
during setupand teardown, and a tool during the entire operation. You can specify a specific resource
that you require, or you can select a resource from a list using a selection goal and condition. In the
case of a moveable resource (e.g. a Velic/orkel youcan request that the resource visit a specific
node before the activity can begin. For simple fixed resources you can place instances of the Resource
definition into your model and employ these as secondary resources.

Each batch that is processed can botinsume materials at the start of processing, and produce

materials at the end of processing. Materials are defined using the Elements panel in the Definitions
window and have ammitial Quantityand aBill of Material that defines a list materials andugntities

required to produce each unit of the material (e.g. a material named Bike might have a bill that includes

2 Wheels, a Frame, a Fork, etc.). The material that is consumed or produced can be specified as either a
singleMaterial (e.g. Bike), or athe Bill of Materials(e.g. the bill for Bike).

In some cases it is desirable to not start a production lot unless the entire lot can be produced within a
specified makespan. For example it may not be desirable to start a lengthy operation immediately
before shutting down for the weekend. If you specify Maximum Makespathen the estimated
makespan plus th&akespan Buffer Timmust be less than thislaximum Makespan Note that the
Makespan Buffer Timis a safety factor to account for unexpectedales.
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The estimated makespan is computed based on the shift pattern of the workstation, but does not take
into account shift patterns for secondary resources or material shortages. These are fully accounted for,
however, in the actual makespan for the draction lot. Hence it is possible that a production will start
based on its estimated makespan but end up violating the maximum doenstraints

Worker

The Standard Library has a transporter definition named Worker that defines a moveable resource that
may be seized and released for tasks as well as used to transport entities between nodes. A Worker
object is typically used to model operators, doctors, technicians, etc. To use the Worker you drag a
Worker object from the library and place it anywhénethe facility model. You then click on this

Worker object to edit its properties.

In contrast to he Vehicle that supports Routing Typ¢hat can beOn Demandar Fixed Routethe
Worker is @asumed to always operate in an on demand maqde. the Worke always waits for either a
visit request or a transport requesiThe Worker always assigns priorityseize visitequessover
transport requess. Unlike the Vehicle, the Worker has the ability to follow a work schedule. When
following a work schedelanOff Shift Actiortan be specifieds Golro HomePark at Home, Part at
Node orRemain in Place

Example: Moveable Operators

In this example we have two part types that are produced on separate machines that share a single
operator. PartA has aexponentially distributed intearrival time with a mean of 3 minutes, and a

service time in minutes given by a triangular distribution with a minimum of 1 minute, mode of 2
minutes, and a maximum of 3 minutes. . PartB has an exponentially distribtéeehimval time with a
mean of 4 minutes, and a service time in minutes given by a triangular distribution with a minimum of 1
minute, mode of 2 minutes, and a maximum of 3 minutes. The operator is required for processing on
either machine, and traveld a rate of .5 meters per second over the 10 meter distance between the
machines.
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Begin by opening Simio and selecting a new model Project. Now place two Workstations (approximate
20 meters apart), two Sources, and a Sink and connect them by paks place two entities from the
Project Library and rename theRatA and PartB,and recolorPartBto be red. Change the mean for

the Interarrival Timeon for each of the two Sources, and change Emtity Typdor Source2o PartB

Place a BasicNodedf@ult name BasicNodel) ne@forkstationAand place a second BasicNode (default
name BasicNode2) ne®vorkstationB Click on each node and add an attached queue to animate the
entities inParkingStatiorContents Draw a Path between these nodes and giz® 10 meters, or set

Drawn to Scale to false and set its logical length to 10 meters. Change thigypatb be Bidirectional

Now draganobject from the Worker definitiorin the StandardLibrary and place it in ym facility model
and name itOperaor. Slect a symbol from the Project Symbols in tlyenBols ribbon to represent the
Operator. SelecWWorkstationland change the parameters for the processing time, and then open
Other Requiremenizlick on the Secondary Resources button, Add a nesures namedOperator,

and under Advanced Options select theNodeoption for Request Visjtand specify thilode Names
Basi®Nodel This will caus®peratorto travel toBasicNodebefore processing will start at
Workstationl. Repeat these same stdpsWorkstation2 except specify thtdlode Nameas
BasicNode2 The model is now ready to run and is shown below.
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Note that ifOperatordoes not appear waiting @&asicNode br BasicNode2you probably need to
lengthen the attached animation queue for thede.

Summary

The Standard Library provides a generic set of object definitions for modeling a wide range of
applications. As we will discuss in Chapter 6 you can easily build your own library objects to use in place
of the Standard Library. However yocan also extend the behavior of the Standard Library definitions
using addon processes. This is a powerful capability that dramatically expands the flexibility and use of
this Library. The use of aduoh processes is the focus of our next chapter.
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Chapter 4: Processes

Overview

Objectbased tools such Simio are very good for rapidly building models. You simply drag objects into
the workspace, set the properties for those objects, and your model is ready to run. However the
traditional problem with théd | LILINB | OK A& Y2RStAy3a FTtSEAOAfAGRED
objects that work in all situations across multiple and disparate application areas without making the
objects overly complicated and difficult to learn and use.

The Simio @indard Library addresses this problem through the concept ofaddrocesses. An aeh
process is a small piece of logic that can be inserted into the Standard Library objects at selected points
to perform some custom logic. This custom logic can leé ts seize/release resources, make

assignments to variables, change travel networks, evaluate alternatives, etc. The processes are created
as graphical flowcharts without the need for programming. Hence Simio combines the benefits of
objectbased modetlig (i.e. ease of learning and rapid modeling) with the power and flexibility of

graphical process modeling.

Process logic can be inserted into an object on an instance by instance basis, without modifying or
changing the main object definition. For exdmpne Server instance might incorporate process logic to
seize and move a secondary resource during processing, while another instance for the same Server
definition incorporates special logic to calculate the processing time based on a learning cdrae, an
third instance of the same Server incorporates special process logic for modeling a complex repair
process. All these instances share the same Server definition but customize each instance as needed.

Another thing that is particularly powerful aboatid-on processes is thatunlike a programming insert
- processes can span simulated time. For example a process can wait for tank to fill, a resource to
become idle, or a queue to reduce to a specific size. Hence processes are not only easier to learn
create, and understand, they are also significantly more powerful than programming inserts.

Processes

Aprocessis a sequence aftepsthat is executed by token and may change the state of one or more
elements As the token moves through the procetssxecutes the actions as specified by the step. A
single process may have many active tokens moving thru it in parallel. For example the following simple
process flow waits to seize a resource, delays by time, and then releases the resource. Thexe may b
multiple tokens waiting in the queue to seize the resource, as well as multiple tokens in the Delay step
(assuming the resource has a capacity > 1). Note that each step will have properties that govern its
behaviorg e.g. the Delay step has a properhat specifies its delay time.

Sezel Dalay1 Releasel

Eegin
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A process always executes within the context of a parent object. When you create a new process in
your model the parent object is your model. The properties that are specified for each step may
reference properties andbtii S&a GKIF G I NB a@AadAo0fSeé gAGKAY GKI G
include those that are owned by the model, as well as objects or elements that have been placed into
the model. If you have objects that contain other elements or objects in thedeidefinition, then

they are also in the context as long as they have been defined with a public scope.

The token that executes a process may also carry its own properties and states. For example a token
might have a state that tracks the number of ti;he token has passed through a specific point in the
logic. In many cases you can simply use the default token in Simio, however if you require a token with
its own properties and states you can create one in the Token panel within the Definitionsmvindo

A token carries a reference to both its parent object and its associated object (if any). The associated
object is the related object (separate from the parent object) that triggered this process to execute. For
example a process that is triggeredduy entity arriving to an object will have that entity as the

associated object. The processitogan reference propertiestates and functionof both the parent

object (i.e. the current model) and the associated object. Hence the token could reéettem arriving

entity to specify the delay time on the Delay stefo reference the associated object it is necessary to
precede the property or state name with the object class name. For exdvigielEntity. TimeCreated
would return the value of th&imeCreatedunction for the associated object of typ¢odelEntity A

runtime error occurs if the associated object is not the specified type.

\\/

Associated Object Parent Object

-

Tokens

\ 4

The steps in Simio have propertiebut do not have states. Hence steps can have input values that
control their behavior, but cannot have variables that change value during the run. The ability to hold
changeable state information is provided by Simio elements. Many of the steps in Simio reference a
specific element (or object, since an obje$ub-classed fom element). For example the
Consume/Produce steps (which consume and produce material) reference a Material element.
Elements are added to your model using the Elements panel in the Definitions window.

The token also hasReturnValughat can be assigrd during the process. TlieturnValuas typically
used with special processes called decision processes that are executed in zero simulated time (i.e. no
time/status delays such as a Delay stepare permitted) to make a specific decision. For exanapl
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process is executed for a Transporter to see if it is willing to accept a new reservation. For a decision
process &ReturnValuef 0 denoted-alseand a nonzero value denote$rue

Process Types
There are three basic types of processes in Simibof &lese processes are built and edited in exactly
the same way and only differ in the mechanism that triggers their execution.

Astandard gocessis a process that is explicitly defined by and executed by the Simio engine. If you

add a standard process your model you do not have to specify a triggering event since the Simio

engine will automatically execute a standard process at the appropriate time. For example the
OnlInitializedstandard process is automatically called for each object by the ®imgime during

initialization of the model. You add a standard process to your model by clicking on Select Process icon
in the Process window for the model.

Anadd-on processs a process that is incorporated into the model of an object to allow the afsiat

object to insert their own custom process logic into the model at selected points. Theradcess is
automatically executed within the objects model (using the Execute step), and hence there is no need to
specify a triggering event for the pregs. The Standard Library makes extensive use ebadd

processes. For example, the Server object provides the following list -@frapibcesses.

Add-On Process Logical Point in Server Execution

Initialized During initialization of the Server model.

Entered Immediately after an entity enters the Server.
Processing Just before an entity begins processing.

Processed Immediately after an entity completes processing.
Exited Immediately after an entity exits the Server model.
Failed Immediately aftethe Server enters a failed state.
Repairing Just before the Server is about to start its time to repair tim
Repaired Immediately after the Server returns to a repaired state.
On Shift Immediately after the Server goes on shift.

Off Shift Immediatelyafter the Server goes off shift.

These adebn processes give considerable flexibility in terms of extending the logic executed by the
Server model. For example in the case of the ServeF#iedor Repairingadd-on process could be
used to seize a rgrman, and then th&epairecadd-on process could be used to release the
repairman.

There are two ways to insert a new add process into the model. The manual way is to click on the
Create Process icon in the Process ribbon for the Processes windb¥hesmselect that process for one
of the AddOn Process Triggers in the object that is placed in the facility model. The quick way is to
simply double click on the name of the A@ih Process Trigger, which creates the process with a default
name and therselects that process for that trigger.
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Note that what you are doing with an agh process is creating a logical process in the context of your
model, and then passing that into an object such as a Server to execute inside that model for that only
that one instance of the Server. The same -@tdprocess can be passed into any number of objects.

Anevent-triggered processs a process that is triggered by an event that fires within the model. For
example a station element namedput (which might be usetb define an input station within the

object) fires arinput.Enteredevent each time thénputstation is entered. You can have a process be
triggered to execute by this event by specifying Thaygering Everproperty for the process as
Input.Entered A token will then execute this process each time an entity enters the station, and the
associated object for the token will be the entering entity. It is also possible to have multiple triggering
events and to dynamically change the triggering event dutire running of the simulation by using the
Subscribe and Unsubscribe steps in the process logic.

You create an everitiggered process by clicking on the Create Process icon in the Process tab of the
Processes window, and then specify tfrgggering Everproperty for that process.

Building Processes

You build and edit processes using the Process window shown below. The left side of this window has a
fly-out panel for selecting steps, and the right hand side has the navigation panel and properties editor
The steps are categorized by Common Steps, All Steps, and User Defined Steps. The Common steps
include the steps that are most frequently used in models. The All Steps include all of the bidifis

for Simio. The Usdbefined Steps include useoded steps that have been added to Simio to extend

the core functionality of the product (for details see the Simio UBdensions Reference Guide).
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When a new process is added to the window it is shown with a Begin and End point and no steps in
between You add steps to the process by dragging them out from the panel and dropping them at the
desired location. Simio incorporates a layout tool that automatically redraws the process as you drop
each new step. You can drag a step to move it to a nemtidmcwithin the layout. You can also drag

one of the End points to connect it to the input of step. The following shows the result of the automatic
layout with multiple Decide steps, where the End coming out of the Delay step has been connected to
the input side of the Assign.

Process]

Decidal Azzignl

Decide H A=sign

You select a step by clicking on the step, and you select the process by clicking outside the steps. If you
select a step the properties of the step are displayed inRhaperty window If change the properties
of a step fran their default values and then hover over the step a box will appear showing the non
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default properties. If you select a process the selected process is shown with slanted hash lines and the
properties for the process are displayed in iwperty window You can zoom the selected process in

an out using the + andgkeys. If the process drawing is wider the window you can pan left and right by
clicking anywhere in the process outside of a step and dragging left and right.

The process properties includiee Triggering Evenfonly used for eventriggered processes), and the
Token Class Nanfier the token that executes this process (new Token Classes can be defined using the
Tokens panel in the Definitions window). The propedynedToken Associated OlgfeDestroyed
Actionspecifies what should happen &token running this process if the associated object that
triggered this process happens to get destroyed while this process is runningnifidily Enabled

property allows you to set the initiaialue of the enabled state fahe process. UnddgBeneralyou can
assign the process to a new or existigtegory specify theNamefor the process, give it Bescription
define if it hasPublicscope, and specify if the process shoRkeport Statistics Note that all processes
assigned to the same category will be grouped together and the groups can be individually collapsed
and expandedYou can copyand pasteprocesses. If you paste a process external to Simio (e.g. in a
Word document) you can use the&ial Paste option to past the process as either a bitmap drawing or
as an XML description.

Steps and Associated Elements

The key to process modeling is gaining an understanding of the functionality of the available steps and
elements, and how to combintese into process flows to model different aspects of the system. Some
of the steps and elements you may use quite often, and others you may never use. One way to
approach learning these steps is to get a brief understand of all the steps, a moredietai

understanding of the common steps, and then learn the steps in detail as the occasion arises for the
their use. Hence we will proceed with a broad overview of the types of actions supported by the various
steps and elements, without including all bitdetails for the steps (detailed descriptions of the steps

and elements may be found in the Simio Reference Guide). Wihevillgive a number aéxamples of

the use of these steps for extending the logic of the Standard Library.

As noted earlier mangf the steps in Simio reference elements that hold changeable state information
on the system. The elements are added using the Elements panel in the Definitions window. A
summary of the Simio elements is shown in the following table:

Element Name | Desciption

Station Defines a capacity constrained location within an object.

Timer Fires a stream of events according to a specifitervalType

Failure Defines a failure state for the parent object.

BatchLogic Forms a batch by matching entities togetlgerd attaching them to a parent entity.
Storage Defines a queue for temporarily storing one or more entities in a specified orde
Monitor Fires an event when states change or cross a specified value.

Network Defines a network of links.

RoutingGroup Defines routing logic for selecting a destination node from a candidate node list
OutputStatistic | Defines an expression that is recorded at the end of each replication.
StateStatistic Records timepersistent statistics on a state variable.
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TallyStatistic

Holds summary statistics for observational values recorded using a Tally step.

Operation Defines a sequence of activities that are preformed over time.
Activity Defines an activity that is performed within an operation.
Material Defines a material thacan be produced or consumed and own a bill of material.

Most of the steps are general purpose steps that can be used by any of the five object types. However

some steps are specific to a specific object type such as an entity, transporter, nodg, or li
We will begin first describing the general purpose steps which are summarized in the following table.
Note that the shaded steps are those included in the Common Steps list and are the ones most often
used. Where appropriate the elements that asfarenced by the steps are also noted. Elements are
added to the model using the Elements panel in the Definitions window.

General Purpose Steps

Step Name Action

Assign Assigns an expression value to a state variable.

Decide Sends the token to one ofvb exit points based on an expression.

Delay Delays the token for a specified time.

Execute Executes a process and either waits or continues.

Tally Tallies a value in the specified TallyStatistic element.

Create Creates a new entity.

Destroy Destroysthe parent or associated entity.

Fire Fires the specified object event.

Wait Waits for a specified event to fire.

Seize Seizes one or more resource objects.

Release Releases one or more resource objects.

Transfer Transfers the associated entity betweebjects and/or free space or between stations
EndTransfer | Completes the transfer of the associated entity into the object and/or station.
Allocate Manually trigger resource allocation for the parent object.

Batch Create a batch with the associatedtinusing the BatchLogic element.
Consume Consume a specified quantity of material.

EndActivity End the current operation activity for the associated entity.

EndOperation | End the current operation for an entity.

Fail Specifies a Failure element to cfye to a failed state.

Insert Insert the associated or parent object into a queue.

Interrupt Maybe be used to interrupt process delays.

Produce Produces a specified quantity of a material.

Remove Remove the associated or parent object from a queue.

Repair Specifies a Failure element to restore to a repaired state.

Resume Resumes a suspended process or movement of the parent or associated object.
Search Search a collection of items including table rows or objects in a list or queue.
SetNetwork Setsthe current network for the parent or associated object.

SetNode Sets the current destination for the parent or associated object.

SetTable Sets a table reference and row for the token or parent/associated object.
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StartActivity | Starts a specified actty for an operation.

StartOperation| Starts a specified operation.

Subscribe Adds a new triggering event to a process.

Suspend Suspends a process or movement of the parent or associated object.

UnSubscribe | Removes a triggering event for a process.

The Assignstep is used to assign an expression value to one or more state variables. The Assign step
displays a single assignment in the main properties grid, but allows for additional assignments in the
Repeating Properties Editor.

The assignment actiois to evaluate the specifiedalueexpression, and assign that value to the
specifiedState Variable NameA state variable may be added to your model by selecting the States
panel in the Definitions window for the model and then clicking on one ofdhestate icons in the

States ribbonNote that a state added to your main model can be thought of as a global variable, while a
state added to an entity model or other object may be thought of as an attribute of that entity or object.

Adiscrete stateisthe most commonly used state variable and can be assigned any real value. By
default a discrete state variable is a simBlealar but it can also be dimensioned a¥ector, aMatrix,

or an array up to 10 dimensions. In the later case you enter a nufobBimensionsnstead of

selecting from the drop list. In the case of a vector or matrix you can also both dimension and initialize a
state variable using the values in a data table by selecting the Dimensions property as [Table]. In this
case the nurber of rows and columns for the matrix are set to the number of rows and columns in the
table, and the matrix is initialized to the table values. As we will see in Chapter 5 this is a very
convenient way to both dimension and initialize arrays using exfetata.

Alevel stateis a variable that is described by both a rate and level. For example if you create a level
state namedTank you can reference the level value Bgink and the corresponding rate value by
Tank.Rate Note that theTankvalue autanatically updates based on the current value assigned to
Tank.Rate

A movement stateis a state that can have a rate, acceleration, acceleration duration, heading between
0 and 360 degrees, and a pitch relative to the floor measured in degrees. lieate armovement

state variable namedrave| then the valuelravelwill be the total distance traveled, and the values for
Travel.Rate, Travel.Acceleration, Travel.AccelerationDuration, Travel.Hesmuilgavel.Pitctwill be

the related parameters for th state.

Alist stateis a state variable that can be assigned a value from a list (list are defined using the List panel
in the Definitions Window). For example a list nan@adorwith members Red, Green, Blemuld be

used to define a list state nan@olorValue The numeric value of a list is referenced using the keyword
List Hence assignirngolorValueo List.Color.Bluevould setColorValugo the color list membeBlue

All state values return a numeric and in the case of a list state tHig iserebased index into the list, or

in this case a value 2 since Blue is a-&®ed index 2.
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Note that if you are adding state variables to one more entity models, and then creating objects for
those entities, you must reference the states of the gnhiyy prefixing the state names with the entity
model name. For example if you create an entity model named Part, and then give it discrete states X
and Y, you reference these states as Part.X and Part.Y.

In addition to the Assign step, there are sevatdler steps used to set dynamic characteristic of an
entity/object includingSetNetwork(specifies the network to followgetNode(specifies the destination
to travel towards), an&etTablespecifies a row in a data table for retrieving data).

TheDecice step is used to select one of two exit points based on the value of an expression. The
expression is interpreted either as a logical condition or a probability based dbetide Type

property.

TheDelaystep is used to delay the token by a speciftiime. This step is typically used to model
general processing delays in the system.

TheExecutestep is used to execute another process. This step will either hold the current token until
the specified process is completed, or continue and execupaiallel to the spawned process.

TheTallystep is used to record a value for a specified TallyStatistic element. To use the Tally step you
must first add arallyStatisticelement to your model. The Tally can record either the value of an
expression, pthe time between arrivals to the TallyStatistic based on\takie Typgroperty specified

for the step. Note thaToken.TimelnProcesan be used in the expression to record the time that the
token has spent in the process, aBdtity. TimelnSysterwanbe used in the expression to record the

time that the associated entity has spent in the system.

TheCreateand Destroysteps are used to create and destroy dynamic objects which include entities and
transporters. The Create can either create a new dynarject, or create a copy of either the parent
object or associated object. The Destroy step can destroy either the associated object or the parent
object (i.e. destroy itself).

TheFireandWait steps provide coordination between logical points withimobject, or between

objects. The Fire step is used to fire an event that has been defined for the object (events are defined
using the Events panel in the Definitions window). The Wait step is used to hold an entity until a
specified event has beendid. The Wait step also includefRalease Conditigoroperty that if specified
must be true for a token to be released.

TheSeizeand Releasesteps are used to seize and release capacity of an object that has been defined as
a resource. As noted in Chap3 that Resource object can be used to model fixed resources, and the
Vehicle object or an Operator entity can be used to model a moveable resource. Both the Seize and
Release steps utilize the Repeat Group Editor to allow for multiple seizes ansbeldan single step.

Note that in the case of the Seize you can request a visit by a moveable resource ustegjtlest Visit
property under Advanced options.
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TheTransferand EndTransfesteps are used to initiate and complete entity transfers betwebjects,

between an object and free space, or between stations within an object. At the completion of the

GNF YyaFSNI 6§KS 9y R¢ NI yranFSrbbvanti Shebe BtapslBeiuseil o Proviilg’al A G & Q&
GKI yRaKI(1S¢ 0SG6SSy w@ilbdd&issing usa of thebeksteps Ynzldta8 in Ohapter &
where we discuss building custom objects.

There are a number of steps that are specific to modeling the behavior of entities and transporters.

Since the transporter is sutlassed from entity, angf the entity steps can also be used within the
model of a transporter. These steps are shown below:

Entity Steps

Step Name Action

Arrive Notifies the visit request that the entity has arrived to the requested location.
PlanVisit Search for and acceptride pickup or visit request as a planned node visit.
SelectVisit Select a planned node visit and set the destination to the selected node.

Transporter Steps

Step Name Action

Dropoff Drop off a passenger entity at the current node.

Pickup Pickup a pssenger entity from the RidePickupQueue at the current node.

SelectDropoff | Set the destination to a selected passenger entity in the RideQueue.

There are also a number of steps that are used for modeling the behavior of a node object. Note that
the Pak and UnParksteps can also be used within a model of an entity or transporter by referencing
the parent object rather than the associated object.



Introduction to Simio

Node Steps

Step Name Action

Park Park the associated or parent entity in the parking area of a node.

Ride Initiate a transporter ride request for the associated entity.

Route Set the destination for the associated entity using a RoutingGroup element.
UnPark Move the parked parent or associated entity into the crossing area of the node.
VisitNode Execute he OnVisitingNode standard process for the associated entity.

There are also two special purpose steps that are used in modeling link behavior as summarized below:

Link Steps

Step Name Action

Disengage Unlock the entity from the link so that it can mowelependently.

Engage Lock an entity to the current location or nearest cell location on the link.

We will now turn our attention to using a number of these steps in the following examples.

Example: Using a Moveable Resource with Server (Seize/Release)

In Chapter 3 we modeled a simple system with two workstations requiring an operator to move back
and forth to process a part on the workstation. We used the Workstation object to because it includes
support for secondary moveable resources. We will nego this same example but use Server objects

in place of the more complicated Workstation object. We will employ-@ugrocesses to add this

missing functionality in the Servers in terms of seizing and releasing the operator. While we at it we will
als briefly look at the logic that has been automatically added to the operator to allow it to respond to
move request from the Servers.

PartA > ServerA }

E(3) T 101,2,3)

. V_
|

‘ PartB \) Is'»L ServerB } :

E(4) T(1,2,3)

We proceed by building our model as before, only using Servers in place of Workstations. We add the
missing resourcedpic to the Servers by inserting add process for the triggers namétdocessingnd
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Processed TheProcessingrigger occurs immediately before processing begins, andPtioeessed
trigger occurs immediately after processing is completed. We will &kize step to eadArocessing
add-on process, and a Release step to eAobcesseddd-on process, as shown below.
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On the Seize steps we speddperatoras the resource to seize, and under #th@vanced Optionge
specify a visit request tBasicNode for ServerAandBasicNodeZor ServerB On the Release step we
specifyOperatoras the resource to release. The model is now ready to run and is shown below:
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Summary

The chapter has introduced the concept of process logic for adding new behavarségisting

modeling objects. The ability to insert process logic into individual instances of an object is an extremely
powerful capability in Simio. In Chapter 6 we will expand further on these concepts when we discuss
process concepts for building jeot libraries.
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Chapter 5: Data Driven Models

Overview

Simulation models typically have data that is used to drive the model. In some cases this data is
conveniently entered directly into the modeling objects. For example with simple flow line making a
AAY3AES LINIL Ad YAIKEG 0SS -Odvyf @ dnkl frotéssing Bmes diréctyditoO2 RS ¢
the properties for the objects in the model. However in many cases there is a large amount of data as
well as a desire to frequently change thealaln addition the people using the model with different

sets of data may not be the same person that builds the model. In these cases it is convenient to be
able to define the data in data tables and then have the model reference the data in thoss.tdbl

may also be desirable to either import or directly bind the data tables to external data sources such as
Excel or a database. This chapter describes the features in Simio for buildirdyidatamodels using

data tables that interface to externdhta sources.

Data Tables

A Simio data table is a data container that has a collection ofdefamred columns with corresponding

rows of data. Each column can hold a specific type of data such as a string, real number, Boolean, date
time, expression Vae, entity type, etc. Within Simio you can define as many tables as you like, and

each table can have any number of columns of different types. You can create relations between tables
such that an entry in one table can reference the data held by amdttide. For example a table of
production orders could reference a table of product descriptions.

A data table is defined using the Tables panel in the Data window. To add a new table you click on
either Data Table or Sequence Table in the Tablesoseafithe Table ribbon. The sequence table is

data table with a column nameSlequencéhat has already been added to the table for specifying a

routing sequence for an entity. Hence everything that applies to a data table also applies to sequence
tables.Once you have added a table you can rename it and give it a description by clicking on the tab for
the table and then setting the table properties in tReoperty window

If you add multiple tables you can drag the tabs apart and drop them on the lagméts to arrange
them as you wish. You can also arrange them into vertical and horizontal tab groups by right clicking
any table tab and selecting the appropriate option.

To add columns to a table you select a table to make it active and then clichperfy types under
Standard Property, Element Reference, Object Reference, or Foreign Key. You can then rename the
column by selecting the column header and changing the column properties. An element reference is a
reference to a Simio element such aStation or Material. An object reference is a reference to an

object instance such as Worker or Lathe. The standard properties are all the other property types in
Simio and include the following:
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Property Type | Description

Real A real constant: e.d.32.7

Integer An integer constant: e.g. 34 €27

Boolean A true/false check box.

Expression A valid Simio expression involving one or more variables:(>¢4.Y) / 2.3

Date Time A date time value with a calendar date selector: ¢//2010 12:00:@ AM

String A valid string: e.g. Fred

Event An event that is defined in the context of the model: épdelEntity. Transferred
List A value selected from a list that is referenced by the property: Red.
Enumeration | A value from an enumeration thé referenced by the property: e.girstinFirstOut
Rate Table A rate table that is defined for this model: eAgrivalPattern

Table A data table that is defined for this model: eRyoductTable

Sequence Tabl{ A sequence table that is defined for timwodel: e.gRoutingTable

State A state that is defined for this model: eReworkCount

Schedule A schedule that is defined for this model: eQyerTimeShift

Selection Rule | A dynamic selection rule: e.§mallest Value First

Note that some propertis have required values that must be set in the Properties Editor for the column
to work. For example a List property requires that a list specified that defines the valid options for the
column. Hence we create a list nam@dlorswith value memberfked,GreenandBlue and then add a

List column referencing th€olordist; the valid entries for the column aRed, GreerandBlue

The columns that specify numeric values (e.g. Real, Integer, Expression) alsdJn#vEygeproperty
that can be speci#id. The unit type can bEme, Travel Rater Length and then the appropriate units
can be specified (e.g. Meters, Feet per Minute, etc.).

You can also select a column and make it a Key Column. A key column must have all unique entries in
the column. For example a key column of typgegercannot have two rows with the same number. A
key column can then be referenced by addingoaeign Kegolumn property in another table, and
referencing this table and key column in the properties of the foreign k&his will then link the rows in

that table to a row in this table using the unique key value in this column. We will see an example of
this later in this chapter.

The following shows an example table named MyTable with four columns named W, XCotyrdn W

is a real column wittunit Typespecified agimeand units inrHours Column X is a Boolean column

where a check mark indicates True. A Boolean True in Simio has a numeric value of 1. ColumnY is a
string column and is set as a key colummalicated by the yellow column header. As a result the string
entries in this column must be unique. Column Z is an expression column and accepts any valid Simio
expression.
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Once a table is defined you can populate the table with data in several differys. You can manually
populate the table by directly entering data for each cell in the table. Note that the bottom row with

the * is a row that has not yet been addednce you enter a value in this row it then becomes an active
row being edited amdicated by the pen that replaces the *. You can also copy and paste within this
table, between different tables, and between external data sources (e.g. Excel) and the data table. You
can also import from or bind to external data sources.

When workimg with Excel as an external data sources it is often convenient to first define the columns in
Simio, and then export the empty table to Excel, and then populate the data inside Excel. You can then
import or bind to the spreadsheet. Importing is a manyaération that happens each time you click on
import. Binding is an automatic operation; once the binding is established the data is automatically
imported at the beginning of each run with no manual intervention.

You can reference a value in the tabkng the syntax TableName[RowNumber].ColumnName, where
RowNumber can be an expression specifying thaded row number. For exampléyTable[1].X

would reference the valué.2, andMyTable[1].Avould reference the expression
Random.Uniform(.2,.4)

It is dso possible to have either a token or an object reference a specific row in a table using the
SetTable step. Once a row has been assigned to the token/object the values in the table can be
referenced without appending the [RowNumber]. For example tha@alye.X references the Boolean X
value for the row assigned to the token/Object. If a row has been assigned to a token and then that
token is used to create a new object that newly created object will reference the same row as the token.

Example: Multip le Entities from a Sngle Source
In this example we are going to use a table for generating multiple customer types from a single Source.
We have three different types of customers that wait in a single line to be processed by two identical
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servers. Theustomers arrive according to a Poisson process, with a mean time between arrivals that is
exponentially distributed with a mean of 3 minutes. The customer mix (percentage) and the processing
time on the server are summarized in the following table.

Cusbmer Type Mix (Percentage)| Processing Time

Standard 60 Random.Triangular(3,4,5)
Simple 15 Random.Triangular(1,2,3)
Complex 25 Random.Triangular(7,9,12)

To model this we will place a Source, Server, and Sink into our facility and connect them wsthvigtath
Allow Passinget toFalse We will specify the time between arrivals for the Source as an exponential
sample with a mean of 3 minutes, and we will bgiut Bufferon the Server to 0, and set tii@apacityto

2. The combination of no input buffen the Server and no passing on the Path will cause our
customers to queue up along the path in front of the Server. The capacity of 2 on the Server will allow
this single Server object to represent two identical servers. We also place three instances of
ModelEntity and rename therStandard Simple andComplexand select people symbols from the
symbol library to represent these three customer types.

We will now build a Simio table by selecting the Data window and clicking on Add Data Table and then
renaming the tableCustomerData Next we will add a column namé&xistomerTypby clicking on the
Object Reference property and selecting Entity. Next we add a column ngirdxy clicking on

Standard Property and selectiRpal We then add a column namé&docessTiméy clicking on

Standard Property and selectiggpression We also set th&nit Typéor this property toTimeand set

the units toMinutes We then manually enter the data for the table as shown below:

B : Moded : C
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| {18 Ston Page
Customer Type | Mix Frocess Time (Mintes) = >

MySimiotroject
60 Random.Taanguar(3,4.5)

ModelEnt:
sarple 15 Random.Trianguar{1,2,3 B Madeibibiy

= "
Complax 25 Random. Tranguar(7,%,12)
fix) Symbets

Funcion Tables Fropartss: CustomarData (Tabie)
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General
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Now that we have this table defined wéll use it to select the type of entity to create at the Source,
and specify the processing time at tBerver. To do this we will specify a table referenségasnent for
our Source objedBefore Creatingriities. We will specify th&able NamesCusomerDatg and
specifythe Row NumbernsCustomerData.Mix.RandomRowote thatRandomRovis a function that
returns a random row number based on the values inMig column as weights. ®/can specify the
Entity TypeasCustomerData.CustomerTygdehe nevly created entity will then point to this same row.
We then change the processing time for the Server t€hbstomerData.ProcessTimelence the
processing time will be taken from tlirocessTimeolumn for the selected row.

The running model for this ergple is shown below. Note that you may need to lengthen the
ProcessingContentsanimation queue to see both customers in service at the same time.
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This example is simple but illustrates the power of tables for building data driven models. Note that we
could also bind this table to an Excel spreadsheet and then do all of our data editing in the spreadsheet.

Example: Product Routings using Separate Sequence Tables

In this example we have three part types with each part type having a different routioggh a facility
comprised of three servers. The product mix for the three part types is 20% type A, 30% type B, and
50% type C. The routing and processing time for each of the three part types is summarized in the
following tables:
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PartA

Station Process Time
Serverl Uniform(.5,.9)
Server2 Triangular(.5,1.1,1.2)
Sink

PartB Station Process Time
Server3 Triangular(.5,.8,1.2)
Server2 1.5
Serverl 1
Sink

PartC Station Process Time
Server2 Triangular(.5,1.2,1.6)
Sink

To model this we wilblace a Source, three Servers, and Sink, and connect them with a network of paths
to allow for movements in all directions as shown below. We set the routing logic for all of the output
nodes toBy SequenceWe have also placed three instances of M&adéity (PartA, PartB, and PartC).
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Next we will build our data tables. In this example we are going to use separate sequence tables for
each part type, but in the next example we will redo this same problem using data relations to store all
three sequenes in a single sequence table. We will add data table nalnbd@ableand sequence

tables namedsequencefSequenceBandSequenceCFor the sequence tables we will set thecepts

Any Nodeproperty on the Destination column to False so that we can tisegbbreviated notation in

3the routing (i.e. Serverl instead of Input@Serverl). We will add one additional column to each
sequence table namedrocessTime

For theJobTableve will add an Object Reference property of type Entity nafadType and

Expression property nameBrocessTimea real column nameBroductMix and a Sequence Table

property namedPartSequenceThe purpose of thBrocessTim®2 f dzyYy A& (2 ONBF GS
allow us to reference the process time in our model ugdiogTal#.ProcessTimeegardless with

sequence table is holding the processing time. In a similar way we can reference the part sequence as
JobTable.PartSequenitelependent of which part type we have. The following showsltiEl ableind

three sequence tablgsopulated with the appropriate data.

Destrmten  Process Tese (Mestes)

Carar
A DM Cortaag (0w of Rty siech tn e

a ' - b wond ) e sanarten

We now table reference assignments at our Source. The fiegtftgeCreating Entitiegjust before

entity creation) and sets the active row for the token to a random rodoinTabléased on the
ProductMixcolumn. The second is table reference assignmem@msCeated Entity(just after entity
creaion). We have the entitpoint to the sequence table specified in tRartSequenceolumn in
JobTable We can now specify ofintity Typeon the Source adobTable.&tType and our processing
time on each Server a®bTable.ProcessTimalote that the value returned is retrieved from the active
row of the appropriate sequence table for that part type. The following shows our model running.
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Example: Product Routin gs using a Table Relation

We will now redo this same problem using a foreign key to create a table relation. This approach allows
us to exploit relational data design to simplify our tables. We keep the same facility model as before,
except we will be chinging a few table references per our new table design.

In our new approach we will have only two tables: one to hold the job data and one to hold the
sequence steps for all three part types. Our basic table design is shown belodobThiablepecifies

the Part TypeProduct Mixand theSequence Typge follow. TheSequence Typs set as a key column
and hence all values in the column must be unique. The Sequences table specifiegikace

Sequence TypandProcess Time TheSequence Typsa Foreign Key property that references the
Sequence Typmlumn in the Job Table. Note that multiple rows in our Sequences table reference the
same row in the Job Table.
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Job Table Sequences
Part Type| Product Mix | Sequence Type Sequence Sequence Type Process Time
PartA 20 A Serverl | A Random.Uniform(.5, .9)
PatB 30 B/\ Server2 | A Random.Triangular(.5, 1.1, 1.2
PartC 50 C M\ Sink1 A 0.0
Server3 | B Random.Triangular(.5, .8, 1.2)
Server2 |[B / ——15
Serverl |B / 1
~Qink1 0.0

We build our tablesn Simio using Tables panel in the Data window, first creating Job Table, and then
creating our Sequences table. We define the Sequence Type in the Job Table as a string column, and
then select this column and click on Set Column As Key to make thyscalkenn. We then add our
Sequences table, and then click on Foreign Key to add a foreign key property SamezhceTypand
specify the Table Key for this foreign key propertyabTable.SequenceTyp€he following shows the
completed and populatedables. Note that the sequences for each part can be expanded/contracted by
clicking on the +/box to the left of the part name.
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With this data schema we only need to have the entity reference a raebifableand then it

automatically has access tha corresponding sequence data in the Sequences table through the
relation that has been established with the foreign key reference. For example setting a token to point
to row 2 in theJobTablalso establisheServeraServer2ServeriSinkas the routingsequence.Within

the Server we reference the processing timesasjuences.ProcessTimad the value is automatically
selected based on both the part type and its current sequence step within its routing. For example
PartBwill usel.5minutes for its pocessing time aBerver2

This relational data schema has a number of advantages over our previous approach of creating a
separate table for each part routing. Besides having fewer tables and indirections we can also add
additional routing sequences tmur model without changing the data schema. This is particularly
important when importing routings from external data sources.

Example: Initializing an Array using a Table

In Chapter 3 we discussed the use of processes to make assignments to state @mays.the options
noted for defining and initializing a state array was the [Table] option. We will now give an example
where we initialize a state array with a table, and then make assignments to that array from within the
model.

In this example we dwve four Server locations that are linked together by unidirectional paths as shown
below. Parts always enter the system at Serverl, and must visit the other three Servers in any order
before departing the system. Once they have visited all four etivey then depart the system. For
example a part leavin§erverzither proceeds to Depart (if all operations are done), or proceeds to
Serverdr Server4

» Server2 L
L

W

Server3 : -={_ Depart

Arrive > Serverl

*{- Serverd |-

Whenever more than once choice is available for the next Server to visit, we want to chogxstthe
that has been least traveled. For example if we have an option dep&&ngr2o go to eitherServer3
or Server4we will make this choice based on a count of the number of parts that have travelled each
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path. We will keep this count in an arrdnat we wish to initialize with an initial count as follows, and
then bump by 1 each time we travel the path.

From/To | Serverl | Server2| Server3| Server4
Serverl |0 12 16 13
Server2 |0 0 14 10
Server3 |0 17 0 15
Server4 |0 9 8 0

We will begin by buildingur facility model. We place a Source, 4 Servers, and a Sink, and then connect
them with paths as shown below:
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Next we will define our data table for initializing deathCounstate array. We add a data table named
PathTableand create real/alued caimns namedserverl, Server2, ServeahdServer4d and then
populate this table with counts for each travel path as follows:
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To create our state variable for our main model we click on the States panel in the Data window and
then add Discrete State andmame our new stat®athCount We then specify the dimension as
[Table],with the TableNamespecified afathTable Note that this will automatically dimension our
PathCounstate array and initialize it with the values given in the table. If we weelend the

PathTableo an external Excel spreadsheet we could then edit the initial counts directly in Excel.
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When departingServeriwe will make our select our next destination based on the smallest current
count for the three outgoing paths using tfalowing process logic in the Output node&erverl If
the path count fromServerlto Serve? is less than the current coutd both Serveraand Served we
selectServe®, otherwise we select betweeServer3and Servd based on the smallest path counWe
enter the expression for Path2 <= Path3&4 as

PathCount[1,2] <= Math.Min(PathCount[1,3], PathCount[1,4]).

Path2 <= Path3&4 Servar? Naxt

Begin =
5 et
: ( Lzeiz Trus MNode

Falzz Path3 ==Path4 Servard Naxt
. Sat
Falzz Servard Naxt

Sat
MNode

To support the destination selection logic at Servers 2, 3, and 4 we will keep a count on the number of
Servers visited by each part, aslhas the index of the last Server visited. We select\doalelEntity

and click on the States panel in its Definition window and add a Discrete State hastServer For

the number of Servers visited we will make use of the exiRioturestate varidle onModelEntity We

will bump this value by 1 each time a the part leaves Server 2, 3, or 4, and then use a Green, Red, Blue,
and Yellow entity symbol animate the number of Servers that have been visited by each part.

When departing Server2 we wilse the following process logic.

Pictura SerarCount == 4 Dapan

egin 5
) ) et
O—.—( Assign )—.—( Decda )_—.—( =

ServerCount==3

LastServer==13 Serverd Maxt

Decide

We first increment the Picture state variable and then check if the server count is equal to four. Note
that this expression is entered dodelEntity.Picture ==4&nce we are using the Picture state for a dual

purpose:to set the zerabased symbol index, and to track number of servers completed (not counting

Server 1). The expression for LastServer == 3 is enteMddesEntity.LastServer ==

If the server count for this part is 4 (iModelEntity.Picture ==)3vego straight to Depart. Otherwise if
the server count is 3 we select betwe8arver3and Server4o avoid revisiting the same Server again as
our last Server. Otherwise we have yet to visit eitBerver3r Server4dso we select between them
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based on thdravel path count. Note that this logic will ensure that we visit each Server exactly once.
We define similar logic for selecting our next destinatiosetver3and Server4

We add the decision processes to the Entered-adgrocess for the output noden each of the
Servers. We also add a small assignment process to each of the Exied piaetesses on the output
nodes forServer2Server3andServer4o updateModelEntity.LastServéo 2, 3, and 4espectively
Finally we add a small assignmenbqess for the Entered process trigger to each of the paths
connecting the four servers to update the path count. For gXarthe path connectin@erverao
ServeB we incrementPathCount[2,3py 1. We are nw ready to run which produces the following
animated model.
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Summary

This chapter has reviewed the basic concepts for creating data driven models. The table features of
Simio can be used to create models that obtain their input data from Excel spreadsheets and other
external data sources makingviery easy to manipulate the data for the model.
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Chapter 6: Object Definitions

Overview

The Standard Library that we have been using up to this point is just one of many possible libraries that
you can use to build your models. You can build librariebjefcts for your own purposes, or build

libraries to share across your enterprise. You can also build commercial libraries that you market and
sell to others. In this chapter we will examine the basic concepts and methods for building your own
object ddinitions, and sharing them with libraries.

One ofthe basic principles of Simio is the notion that any model can be an object definition. Models are
used to define the basic behavior of an object. It is very easy to take a model that you have developed
FYR GKSY aLI O1F3S¢ AG dzLJ F2NJ a2YS2yS StasS G2 dzas
to build submodels within own project, and then build your model using theseraghlels as building

blocks.

The material we will be discussingrk is an extension of the ideas we presented in Chapter 4 on
process modeling. In that chapter we learned how to use processes to extend the basic functionality of
a specific object instance, without altering the core behavior of the object definitiothis chapter our
focus will be on either modifying or extending the core behavior of an object definittmreby

changing the behavior of all instances of that objgot on building new objects from scratch.

Basic Concepts

An object definition hafive primary componentsproperties, states events external view;, andlogic.

The properties, states, events, and external view are all defined in the Definitions window for a model.
The logic is defined in the Facility and Processes window for tlieino

We began using model properties back in Chapter 1 to create properties that were referenced in our
model and could be used for experimentation. These same properties are used to define inputs for a
model when used as an object definition. Model pedies provide inputs to model logic and remain

static during the run. States are used to define the current state of the object. Anything that can change
during the execution of the simulation is represented in the object as a state. Events are logical
occurrences at an instant in time such as an entity entering a station or departing a node. Objects may
define and fire their own events to notify other objects that something of interest has happened. The
external view is a graphical representatiom fiostances of the object. The external view is what

someone sees when they place the object in their model. The logic for the object is simply a model that
defines how the object reacts to events. The logic gives the object its behavior. Thiaholgéchuilt
hierarchically using esting objects, or defined with graphical process flows.

External View

The external view is a graphical representation for instances of a fixed or dynamic object. The external
view is not used for nodes or links. Theéeeral view is defined by clicking on the External panel in the
Definitions window for a model as shown below:
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The external view is what a user sees when they place an instance of the object in their model. The
graphics for the externaliew can be compsed of symbols from the symbol library or downloaded from
Google Warehouse, as well as static graphics drawn using the drawing tools on the Drawing ribbon. In
addition the view may contain attached animation components that are placed into the viewtfiem
Animation window. These animation components include animated queues, status labels, plots, pie
charts, linear/circular gauges, and buttons. Note that in the case of dynamic objects (i.e. entities) these
animated objects are carried by each dynamgeat in the system. For example an entity could carry a
status label showing the value of one of its states, or a button that when clicked by the user causes
some action to take place.

When you build a new fixed object you typically provide associatmat/ioutput nodes for the object so
that dynamic entities may enter and/or leave your fixed object. For example a Server object has
associated node objects for input and output. The characteristics of these associated objects are also
defined in the extemal view of the object by placing external node symbols in the external view using
the Drawing ribbon. Note that these are not node objects but symbols identifying the location where
associated node objects will be created when this object is placed.

Whenyou place a node symbol in the external view you must also define its propertiesNotleeClass
specifies thetype of node that should be created. The drop list will give you a choice from all available
node definitions which will includdode(empty nodel), BasicNodésimple intersection), and
TransferNoddintersection with support for setting destination and selecting transporters to ride), as
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well as any other node definitions that you have loaded as libraries or are defined in your project. In the
case of the Standard Library tBasicNodelass is always used for input nodes, andThensferNodés

used for output nodes. THeput Logic Typspecifies how arriving entities attempting to enter this
object are to be handled by this object. Tene option specifies that entities are not permitted to

enter. TheProcessStatioaption specifies that the arriving entity may enter at a specified station, which
fires a station entered event that can be used to trigger process logic. This is usedefingrg the

object logic using a process model. HaeilityNodeoption specifies that the arriving entity is to be sent
to a node inside the facility model for the object. This option is used for defining object logic using a
facility model. In thé&seneralsection theNamefor the node symbol is specified. This node symbol

name is used to create the name of the associated node object that is created at this symbol location
when this object is instantiated using the formébdeSymbolName@ObjectNamEas examplefithe
symbol name ignputand the object name ikathe the associated object that is automatically created is
namedinput@Lathe In the Standard Library the input node symbols are nampdtand output node
symbols are name@utput

Model Logic

The logic for a fixed object definition is defined using a facility and/or process model, as determined by
the Input Logic Typen the node symbols. In the case of entities, transporters, nodes and links there
are no node symbols and hence these misdre typically built using process logic.

Whenever you have built a model of a system it represents the logic component of an object definition.
You can typically turn any model into a useable object definition by simply adding some properties to
suppl inputs to the model, along with an external view to provide a graphical representation for the
object along with nodes that allow entities to enter and exit the model.

There are three approaches to defining the model logic for an object. The firsiaghpis to create

your model hierarchically using a facility model. This approach can also be combined with the use of

add-on processes to define custom behavior within the facility objects. This approach is typically used

for building up higher level &lity components such a wodenter comprised of two machines, a

worker, and tooling. The second and most flexible approach is to create the object definition behavior

from scratch using a process model. This is the approach that was used to creatnier&Library.

The third approach is to sutlass an existing object definition and then change/extend its behavior

using processes. This approach is typically used when there is an existing object that has behavior

similar to the desired object, andfa 0 S a G 6SIF 1 SRE Ay GSNX¥&a 27F LINRLISNI &
behavior to meet the needs of the new object.

The concept of sublassing an object definition is analogous to the concept ofcéatsing objects in a
programming language. The basic ideth& the new object definition that you are building inherits its
properties, states, events, and logic from an existing object definition. Thelased object will

initially have the same properties and behavior of the original object, and if thmakigbject definition

is updated, then the sublassed object will inherit the new behavior. However after-clalssing you

can then hide or rename the inherited properties, selectively override portions of the process logic that
is inherited, or add adtlonal processes to extend the behavior. For example you might create a new
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object definition namedviRIthat is subclassed from Server and incorporated into a library for modeling
healthcare systems. You might hide some of the normal Server propérte€apacity Typeand

rename others (e.g. renanferocess Tim® Treatment Timg You might also replace the normal
internal process that models a failure by a new process that models the failure pattern ¥R awhile
continuing to inherit the otler processes from the Server.

To subclass an object definition, select the Project in the navigation window, and then select the
Models panel.

Regislered 10 Samio Ll

Entity

> ModeiEntity

Fixed
B Mode P ModeEntty

=) Mode!

Propartiesc Model {Fued Model)
— Model Properties
Model Name Model
o T Flaeowd
- Ficedd
& lcom I:I System.Drawing. ..
Author
% Version 0
Descrphor
Path Decorators —

Model Properties
Specfies the properties for this object class.

Texures

The Edit ribbon lets you add a new blank model, create actags of the selected model, or create a
sub-class from an object definition from a library. You can alsedass a library object using the right

click menu on the library object definition from within the Facility window. You can also create a copy of
a library object without suzlassing. Note @it in this case the newly created object definition is copy of
the library object, but doesot inherit its behavior. Hence if the original object definition is changed the
copy is not affected. In contrast with a salassed object definition changiniet original will change

the behavior of the sulzlassed object since it inherits process logic from its base object definition. You
can also protect an object definition with a password. In this case the password is required to view or
change the interal model for the object.

The model properties include thdodel Name Object Typéfixed, link, node, entity, or transporter),
Parent Clasffrom which this object was sutlassed)|confor displaying the model, along with the
Author, Versiomnumber, andDescription The properties also include two flags for specifying if the
object has capacity that can be seized and released as a resource, and if the object can be run as a
model or only used as a subodel within other models.
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Properties, States, and Events

Whenever you create an object definition you inherit properties, states, and events from the base
object class and you can add new members as well. You can view the inherited properties, states, and
events in the Definitions window for the model. €limherited and new members are placed in separate
categories that can be independently expanded and collapsed. The following shows the Properties
panel for a model type Fixed with a single new property haRRedorkTime Note that this property

can be réerenced by both the objects and process flows within the model.
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The characteristics d®eworkTimere shown in thé’roperty window and include théefault Value,
Unit Type/DefaultJnits, Display Name, Degation, Category Namgeand flags specifyingttiis is a
Required Valuand if this property i¥/isibleto the user. The characteristics also includanatch
Property Name, Switch Conditi@nd Switch Value These can be used to hide or show a property
based on the value the user specifies footrer property. For example you might have property
show only if the user sets proper¥to value greater than 0. This lets you dynamically configure the
Property windowbased on user inputs.

In the case of an inherited property you can change\igble flag along with theDefault Value, Display
Name, Descriptiorand Category Hence you can hide properties or change their general appearance.
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Although you can add additional states and events to a model you cannot rename or hide inherited
states ancevents.

Example: Tandem Server

In this example we are going to build a new object definition for a tandem server comprised of two
Standard Library Servers in series, with a Connector in between. The first Server has a capaeity of
andhas no output bifer. The second Server also has a capacity of one and has no input buffer; hence
the second Server will block the first Server whenever it is busy. The object has two properties that
specify the processing time on each of the two servers. The adg@ranimates the entity in process

at each Server, as well as animated pie charts for the resource state of each Server.

Starting with a new project add a new fixed model from the Project Home ribbon and rename this new
model TandemServer Select thélandemServeas the active model and place two Servers connected by
a Connector its Facility window. Set the output buffer for Serverl to zero, and the input buffer for
Server2 to zero. Now in the Properties panel of the Definitions windowvealthéw exression

properties namedProcessTimeOrand ProcessTimeTwand set their Default Value, UnitType/Default
Units, Display Name, and Category Name as shown bdtawand the inherited propertiesSince the
inherited properties nameapacity TypaNorkSchdule, andintialCapacityare not relevant for our
TandemServer objecset the Visible characteristic ihe General category to False hide each of

these.
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Now select the External panel and place two Server symbols back to back. Place an External Nod
the input side namedinput, with Node Classpecified aBasicNodglnput Logic Typset to FacilityNode
andNodespecified asnput@Serverl Place a second External Node on the output side namegdut,

with Node Classpecified agransferNodeand Input Logic Typeet toNone(no entry allowed on this

side of the tandem server). Using the Animation ribbon draw animated queues for the input buffer, the
two processing stations, artie output buffer, and specify the Queue States

Serverl.InputBifier.Contents Serverl.Processir@ontents Server2.Processir@ontents and
Server2.0OutputBuffeContents Also addwo animated pie charts specifying tBata TypeasListState
andList StateasServerl.ResourceStaad Server2.ResourceStatespectiely, as shown below:
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Note that in our external view we are sending entities arriving to the associated node that is created by
the Input node symbol to the node named Input@Serverl in our facility model afdhdemServer

Here they will proceed througthe two Servers until they reach the output node of Server2, where we
want to send them back up to the associated node defined by the external node symbol named Output.
To do this return to the facility model fGrandemServeand click on the output naglfor Server2 and

under the General category set taito TransferOnEntryflag toTo Parent External Nodad specify

the External Node NamasOutput This will cause the departing entities to be sent out from the
associated output node that is creatéar the Output symbol.

We will also edit the processing time for Serverl tdPbecessTimeOrand the processing time for
Server2 to bd’rocessTimeTwoHence these processing times are specified by our newly created
properties forTandemServer
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We are nav ready to use our new object definition. Click on our main model (V)dademake it the

active model, and then place a Source, TandemServer (selected from the Project Library), and Sink, and
connect them with Paths. If you click on the TandemServemjibnow see our customer properties
displayed in thé>roperty window The following shows our simple model employing our new
TandemServer object in operation.

Example: A Base Lathe

In ou last example we built a new object definition using a facilidei. We will now do the same

thing using a process model. Our new object will be a lathe that can process one part at a time. Our
lathe has an input buffer for holding waiting parts, and an output buffer for parts waiting to exit to their
next location

Starting with a new project (ModelEntity and Model) add a riesd model from the Project Home
ribbon and rename iLathe MakeLathethe active model and click on the Properties panel in the
Definitions window. We will define four new properties fmr new object. Within the category
namedProcess Logiwe will have aransfer In Timér accepting new entities into our input buffer, and
aProcessing Timfer processing parts on the lathe. Within the category nafetler Capacityve will
have poperties namednputBuffeiCapacity(with display namenput Buffe) and OutputBuffeiCapacity
(with display nameutput Buffej for specifying the buffer sizes. In addition we will hide the inherited
the properties namedapacityType, WorkSchedutedInitialCapacitysince these are not relevant for
our lathe object.




































