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7.0.1 Build Menu

The Build Menu is the gateway to all modeling elements used to define a model.
Through this menu you specify the locations, entity types, arrival rates, resource
path networks, downtimes, processing logic, and other elements such as variabl
attributes, and arrays that provide the flexibility needed to model your system.

Access the Build Menu:

• Select Build  from the menu options bar.

Each selection from the Build Menu is covered in detail in the following sections 
this chapter. 

� How To
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7.1 Locations
Locations represent fixed places in the system where entities are routed for proc
ing, storage, or some other activity or decision making. Locations should be use
model elements such as machines, waiting areas, work stations, queues, and 
conveyors.

Every location has a name and a name-index number. The name-index number 
location’s numerical position in the list of locations. Logic which refers to a locati
such as routing logic, can use either the location's name, or the LOC() function t
refer to the location. The LOC() function allows a location whose index number h
been stored in an attribute or variable to be referenced. See Loc()  on page 180 of the 
ProModel Reference Guide for more information.

Locations are defined in the Locations Editor, which is accessed through the Bui
menu.

Create and edit locations:

• Select Locations from the Build menu. The Locations Editor appears.

or...

• Right click on the existing location and select Edit .

� How To
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7.1.1 Locations Editor

The Locations Editor consists of three windows: the Location Graphics window in
lower left portion of the screen, the Location edit table along the top of the screen
the Layout window in the lower-right portion of the screen. These windows can b
moved and resized using the mouse. 

The Location edit table contains information about every location in the model 
including characteristics such as capacity and number of units. The Location Gra
window is a tool box used for creating, editing, and deleting locations graphically
Locations are positioned in the Layout window.

Location Edit Table

Layout WindowLocation Graphics
       Window
202 ProModel User’s Guide 
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7.1.2 Location Edit Table

A location's characteristics can be modified with the Location edit table. The Loca
edit table contains fields for displaying the graphic icon, specifying the location 
name, and defining other characteristics of each location. Each of these fields is
explained below. You can edit the desired field directly in some cases, or by sele
a record and clicking the column-heading button of the desired field.

Icon    The graphic icon used to represent the location. Changing location graph
done using the tools in the Location Graphics window. If multiple graphics have b
used to define a location, the first graphic used is shown here. Clicking on the Ic
button brings the graphic for the current location into view if it is not currently sho
ing in the layout window.

Name   The name of each location. Names can be up to 80 characters in length
must begin with a letter (for more information on naming items, see Names  on page 
57 of the ProModel Reference Guide). A location's name can be changed by editing
this field. The Search and Replace is automatically called when the name is cha

Cap.   The capacity of the location refers to the number of entities the location c
hold or process at any one time. A location's maximum capacity is 999999. Ente
INF or INFINITE will set the capacity to the maximum allowable value. If this field
contains an expression, it will be evaluated at the start of the simulation before a
initialization logic. Accordingly, a location's capacity will not vary during the simu
tion run.

Individual units of a multi-unit location may differ in capacity only if every unit's 
capacity is greater than 1. For example, in a location with two units, one may ha
capacity of 5 and the other a capacity of 10. However, one unit may not have a c
ity of one and the other a capacity of five. (See Multi-Capacity, Multi-Unit, and Mul-
tiple Locations  on page 219.)

Units    The number of units of a location, up to 999. A multi-unit location works li
several locations with common characteristics. (See Multi-Capacity, Multi-Unit, and 
Multiple Locations  on page 219.)

� Note
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DTs   Click on this heading button to define location downtimes, including any se
times. (See Location Downtimes  on page 221.)

Stats    Click on this heading button to specify the level of statistical detail to be g
ered for the location. (To view a location's statistics after a simulation run, choos
View statistics from the Output menu.) Three levels of data collection are availab

• None   No statistics will be collected.

• Basic   Only utilization and average time in location will be collected.

• Time Series   Collects basic statistics and time series tracking the content
the location over time.

Rules    This field defines (1) how a location selects the next incoming entity from
several that are waiting to enter this location, (2) how multiple entities at a locatio
queue for output, and (3) which unit of a multi-unit location is selected by an inco
ing entity. (See Rules Dialog Box  on page 232.) To edit any of this information at a 
location, click on the heading button to open the Location Rules dialog box.

Notes    Enter any optional notes about a location in this field or click on the head
buton to open a larger Notes window.
204 ProModel User’s Guide 
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7.1.3 Location Graphics Window

The Location Graphics window provides a graphical means for creating locations
changing their icons. 

Icons added to the layout will either represent a new location or be added to an 
ing location's icon depending on whether the New box at the top right of the wind
is checked or unchecked.

New Mode

Allows you to create a new location record each time you place any location gra
on the layout. The new location is given a default name which may be changed i
desired. New mode is selected by checking the New box [X] at the top of the Gra
Tools window. 

Edit Button   Displays the Library Graphic Dialog Box used to change the color,
dimensions, and orientation of the location graphic.

Erase Button   Erases the selected location graphic in the Layout window witho
deleting the corresponding record in the Location edit table.

View Button   Brings the selected location in the edit table into view on the Layo
window.

New Box

Counter

Gauge/Tank

Status Light

Entity Spot

Text Label

Region

Library Graphics

Icon Scroll Bar

Conveyor/Queue
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Define a new location graphically:

1. Check the New Box in the Location Graphics window.

2. Select a location symbol or icon from the Location Graphics window.

3. Click on the Layout window where you want the location to appear.

4. A new record is added automatically to the Location edit table. You may 
now change the default name to the desired location name.

Define multiple locations, each with the same graphic:

1. Check the New box inside the Location Graphic window.

2. Select the desired graphic.

3. While holding down the SHIFT key, click on the layout where each location 
should appear.

Move a location graphic on the layout:

• Drag the graphic to the desired spot on the layout.

Move all graphics defined for a single location:

• Drag inside the dashed box surrounding the graphic (do not drag on an 
individual graphic inside the box).

Move multiple graphics for two or more locations at once:

1. Click outside of any graphic and drag to create a rectangle encompassing 
all of the graphics to be moved.

2. Drag the rectangle to the desired position on the layout.

� How To

� How To

� How To

� How To

� How To
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Delete a location:

1. Select the location record to be deleted in the Location edit table.

2. Select Delete  from the Edit  menu.

or...

1. Right click on the location graphic in the layout window.

2. Select Delete [location name] .

Erase a location graphic:

1. Select the location graphic to erase.

2. Select the Erase  button in the Location Graphics window or press the 
<Delete> key. The location graphic disappears, but the location record still 
exists in the Location edit table.

or...

1. Right click on the location graphic in the layout window.

2. Select Delete Graphic . The location graphic disappears, but the location 
record still exists in the Location edit table.

Bring a location graphic into view that is off the layout:

1. Highlight the record of the desired location in the Location edit table.

2. Select the View  button in the Location Graphics window or click on the 
icon heading button.

� How To

� How To

� How To
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Add Mode

Allows you to add additional graphics to an existing location, such as a text labe
entity spot, or a status light. A location with multiple graphics will be enclosed by
dashed box. Add mode is selected by unchecking the New box [ ] at the top of the 
Graphic Tools window.

Add an icon or symbol to an existing location:

1. Uncheck the New Box in the Location Graphics window.

2. Select a location symbol or icon from the Location Graphics window.

3. Click on the Layout window where you want the additional icon to appear.

4. The graphic or symbol is added to the location.

7.1.4 Location Graphics 

A location may have any one or more of the following graphics selected from the
Location Graphics window. 

Counter   A counter representing the current number of entities at a location. Th
options available with counters are explained below.

Gauge    A vertical or horizontal sliding bar showing the location's current conten
during the simulation (shown as a percentage of the capacity). This graph will be
updated constantly as a simulation runs. The options available with gauges are 
explained below.

Tank    A vertical or horizontal sliding bar showing the continuous flow of liquids a
other substances into and out of tanks or similar vessels. This continuous mode
capability can be combined with discrete-event simulation to model the exchang
between continuous material and discrete entities such as when a liquid is place
containers. You may also use this feature to model high-rate, discrete-part 
manufacturing. 

Conveyor/Queue    A symbol representing a conveyor or a queue. To create joint
a conveyor or queue, click on the conveyor or queue with the right mouse button
Drag the joints to achieve the desired shape. Right click on a joint to delete it. Th
options available with conveyors and queues are described below.

Label    Any text used to describe a location. The label is initially synchronized w
the name of the location and changes whenever the location name is changed. T
name, size, and color of the text may be edited by double clicking on the label o
selecting it and clicking on the edit button (See Logic Builder  on page 489). Once the 
name on a label is edited it will no longer be automatically changed when the loca
name is changed. 

� How To
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Status Light    A circle that changes color during the simulation to show the loca
tion’s status. For a single capacity location, the states displayed are idle/empty, in 
operation, blocked, down, and in setup. For multi-capacity locations, the displayed 
states are up (operational) and down (off-shift, on break, disabled).

Entity Spot   An assignable spot on the layout where the entity or entities will 
appear while at the location. While an entity is at a location, the entity’s alignmen
spot (defined in the Graphic editor) will appear exactly on top of the location's en
spot, allowing the two graphics to align exactly as desired. A multi-capacity locat
will use as many entity spots as defined (in the order defined) up to the capacity o
location. Entities in excess of entity spots will continue to stack up on the last en
spot defined.

Region    A boundary used to represent a location's area. A region may be place
the layout over an imported background such as an AutoCAD drawing to repres
machine or other location. This technique allows elements in the imported back-
ground to work as locations.

Library graphic    Any of the graphics appearing in the library graphic menu. Us
the scroll bar to view all available graphics. Library graphics may be created or m
fied through the Graphic Editor. The name for the graphic, the default name of a
location created with that graphic, can be saved in the Graphic Editor (see Graphic 
Editor  on page 515).

Edit a graphic already on the layout:

• Double click on the graphic

or...

1. Select the graphic.

2. Click on the Edit button inside the Location Graphics window.

or...

1. Right click on the graphic in the layout.

2. Select Edit Graphic  from the menu.

Location graphics notes:

1. Location graphics are painted on the layout in the order of the location list a
for any given location having multiple graphics, in the order that the graphic 
added to the layout.

� How To

� Note
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2. A location may include any of the above graphics and symbols. However, a 
tion can have no more than one counter, one gauge, one tank, one queue, o
status light, or one region.

3. Clicking on a layout graphic with no edit table on the screen displays the nam
the element (location, etc.) represented by the graphic. With any edit table s
ing, hold down the CTRL key while clicking on the graphic to display the loca
tion name.

Counter Dialog Box

To edit the appearance of a counter, double click on the counter on the layout, s
the counter and click on the Edit button, or right click on the counter and select e
The counter dialog box allows you to choose the appearance of a graphic counte
is used to display the contents of a location. To change the digit color of the cou
click on the Digit Color button. To change the counter's background and border, 
on the Frame button. The digit's font size and style may be changed by clicking o
Font button.
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Gauge/Tank Dialog Box

When you create a gauge or tank, ProModel will prompt you to specify which typ
you wish to use before you paste it in the layout. To edit a gauge or tank on the la
double click on the gauge or tank to display the gauge/tank dialog box, select th
gauge/tank and click on the Edit button, or right click on the gauge or tank and s
edit graphic. From the gauge/tank dialog, you may change a gauge to a tank an
define its appearance, orientation, and fill direction. You may also access this dia
by selecting the gauge or tank and clicking on the Edit button. 

Text Dialog Box

To edit the appearance of a location label, you may double-click on the text once
on the layout, select the text and click on the Edit button, or right click on the text
select edit. The text is typed in an edit window with several edit features available
buttons above the window. The font, color, alignment, rotation and frame may be
changed from this dialog box. A sample of the currently chosen options is shown
the lower-left corner.
ProModel User’s Guide 211



Chapter 7  Defining General Elements
7.

1.
4

k on 
or 

s of 
phic 

c, 
ver-
Library Graphic Dialog Box

To change or edit a library graphic that represents a location, you may double clic
the library graphic on the layout, select the graphic and click on the Edit button, 
right click on the graphic and select edit.

This gives the option to change the icon, orientation, color, or graphic dimension
the graphic. The default dimensions for the graphic, which are created in the Gra
Editor, are displayed above the graphic. To change the dimensions of the graphi
click on the Dimensions button. This gives you the ability to specify horizontal or 
tical and feet or meters to change the graphic dimensions.
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Conveyor/Queue Dialog Box 

To control the look and operation of a conveyor or a queue, you may double click
the conveyor/queue in the Layout window, select the graphic and click on the Ed
button, or right click on the conveyor/queue and choose edit graphic. The Conve
Queue dialog box appears. It also allows you to specify whether you wish to def
the location as a conveyor or queue. Use the scroll bar to set the width of the con
or queue. Select the style by clicking on solid, roller (i.e., roller conveyor) or line.
Click on the border color or fill color to change the color of the queue. If you want
queue to be visible only during edit time but invisible during run time, click on the
Invisible During Simulation option. See the discussion on conveyors and queues
in this section for more information.

Conveyors

A conveyor is a location that simulates the movement of entities on either an acc
lating or non-accumulating conveyor and appears with a conveyor graphic. Entiti
can only enter a conveyor at the beginning and leave at the end. For accumulati
conveyors, if the lead entity is unable to exit the conveyor, trailing entities queue
behind it. For non-accumulating conveyors, if the lead entity comes to a stop, the
veyor and all other entities stop. Entities on a conveyor may not be preempted b
other entities. 

The capacity assigned to a conveyor limits the number of entities that can acces
conveyor. However, the cumulative total length or width of the entities on the con
veyor cannot exceed the conveyor length. In fact, the utilization statistics for a 
ProModel User’s Guide 213
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conveyor reflect the amount of space utilized on the conveyor throughout the sim
tion, not the number of entities occupying the conveyor. Unlike other locations, a
entity is not routed to the conveyor until there is room at the beginning for the en
to fit, even if the conveyor has capacity to hold it. 

ProModel executes operation logic for entities entering a conveyor as soon as th
enter unless the logic follows a MOVE statement. If no MOVE statement is enco
tered, entities begin their move on the conveyor after processing any logic. If a MO
statement is encountered, entity movement is initiated. Any logic defined after a 
MOVE statement is processed when the entity reaches the very end of the conv

Move time on a conveyor is based on the length and speed of the conveyor, as w
the length or width of the entity. The move time for an entity on a conveyor is cal
lated using the following formula:

Time = (Conveyor Length - Entity Length or Width)/Conveyor Speed

And the percentage utilization is calculated using this formula:

Where tc = the time the entity spent on the conveyor whether moving or not

Cc = the conveyor capacity for that entity
T = the total simulation time

Unlike queues, MOVE statements for conveyors may not include a move time. P
cessing logic executed at the end of the conveyor may contain any operation stat
except for CREATE, SPLIT AS, UNGROUP, or UNLOAD. Additionally, the 
ACCUM, COMBINE, and GROUP statements are not allowed at the end of non-
accumulating conveyors.

Due to the space limitations of a conveyor, certain operation statements at the b
ning of a conveyor are invalid including ACCUM, COMBINE, CREATE, GROUP, 
SPLIT AS, UNGROUP, and UNLOAD.

The default conveyor length is determined by the graphic scale, although this ma
overridden by entering a different length. When a conveyor is modified graphical
the length will automatically be recalculated based on the graphic scale unless y
uncheck the “Recalculate path lengths when adjusted” option. You can access th
option from the Tools menu under Options.

Util % =
all

entities

∑ tc

T

Cc

�Note
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Conveyor Graphics Display

When you use conveyors and want the graphics to display properly on the conve
with no overlapping and little space between entities, use the following:

Conveyor Animation

The animation of entities traveling along conveyors is displayed according to the
ical length or width of the entity, not the scaled length or width of the entity graph

Define a conveyor graphically:

1. Select the conveyor/queue symbol from the Location Graphics window.

2. Left click on the layout where the conveyor should start.

3. Add bends (i.e., joints) to the conveyor by moving the mouse and left 
clicking. 

4. Right click to end the conveyor.

Create bends in an existing conveyor:

1. Click on the conveyor with the right mouse button. From the menu that 
appears, select Add Joint . A small black square appears on the 
conveyor. 

2. Using the left mouse button, drag the square in the direction you desire to 
bend. 

Entity Orientation
on Conveyor Requirements

Width-wise 1. Entity width on conveyor should equal horizontal dimension.

2. Entity length on conveyor should equal vertical dimension.

Length-wise 1. Entity width on conveyor should equal vertical dimension.

2. Entity length on conveyor should equal horizontal dimension.

� How To

� How To
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Conveyor Options Dialog Box

The conveyor options dialog box is used to define the specifications for a convey
To access the conveyor options dialog box, you may double click on a conveyor,
select the conveyor and click on the Edit button from the Location Graphics wind
or right click on the conveyor and select edit. This opens the Conveyor/Queue di
box from which the Conveyor Options dialog box can be opened by clicking on t
Conveyor Options button. The Conveyor Options dialog box presents the followin
options:

Accumulating    Select or deselect this option depending on whether the convey
to be accumulating or non-accumulating.

Entity Orientation    Select Lengthwise or Width-wise depending on whether the
entity is traveling on the conveyor in the direction of the entity length or in the dir
tion of the width.

Length    The length of the conveyor expressed in either feet or meters dependin
the default specified in the General Information dialog.

Speed    The speed of the conveyor in feet or meters per minute. The distance u
can be set in the General Information dialog box. 
216 ProModel User’s Guide 
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Queues

A queue is a location that imitates the progressive movement and queuing of wa
lines. When an entity enters a queue, ProModel executes any operation logic for
entity and then moves it to the end of the queue. To have processing logic execu
after an entity arrives at the end of a queue, use a MOVE statement in the opera
logic. A MOVE statement causes the entity to move to the end of the queue wher
additional operation logic defined will be processed. Operation logic following a 
MOVE statement actually gets processed after the elapsed time that the entity w
have reached the very end of the queue if no other entities were ahead of it. Follo
a MOVE statement, any operation statement is valid except for CREATE, SPLIT 
UNGROUP, UNLOAD, or another MOVE statement.

If a MOVE statement is specified that includes a move time (e.g., MOVE for 5.2 s
the entity speed and length of the queue are ignored. If a move time is not includ
with the MOVE statement, the move time is based on the entity speed and lengt
the queue (if no queue length or entity speed is defined, the move time is zero).

Entities in a queue may not be preempted by other entities and, once entities be
movement in a queue, are not allowed to pass each other. After the specified mo
time, however, entities continue processing any additional operation and output l
A “No Queuing” rule specified for a queue location allows entities to depart in an
order after completing their move time. 

Queues are drawn from the beginning to the end of the center-line and are assig
default length based on the graphic scale. However, the default queue length ma
overridden by entering a different length. When a queue is modified graphically, 
length will automatically be recalculated based on the graphic scale unless you 
checked the “Recalculate path lengths when adjusted” option. You can access th
option from the Tools menu under Options. 
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7.1.5 Capacities and Units

Capacities

A location capacity is the maximum number of entities it can hold at any one time.
general, multi-capacity locations are used to model locations such as queues, st
racks, waiting lines, ovens, curing processes, or any other type of location where
tiple entities may be held or processed concurrently. Consider the following mult
capacity location: 

Units

A location unit is defined as an independently operating machine or station. Whe
multiple, independently operating stations all perform the same operation and ar
interchangeable, they form a multi-unit location. Consider the following multi-uni
location:
218 ProModel User’s Guide 
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Multi-Capacity, Multi-Unit, and Multiple Locations

Sometimes it can be unclear whether to use multi-capacity, multi-unit, or multiple
locations when defining parallel stations or machines. Suppose, for example, we
three parallel machines, each performing the same operation as shown below. T
are three possibilities for defining the machines: (1) as a multi-capacity location,
as a multi-unit location, or (3) as multiple locations. The method you choose to de
the locations depends on your application.

For many situations modeling parallel stations as a multi-capacity location works 
By placing an additional graphic for each station, both the logic and visual effect
having parallel stations can be achieved. However, you should use a multi-unit lo
tion instead of a multi-capacity location when any of the following situations exis

• Individual units have independent downtimes.

• It is important to collect individual statistics on each unit. 

• It is important, for visual effect, to see entities select individual units by a r
ing rule other than First Available (e.g., By Turn, Fewest Entries, Longest 
Empty, etc.).

• It is important, for visual effect, to have a status light assigned to each unit

In some situations, it may even be desirable to model multi-unit locations as tota
separate locations. Multiple locations should be used instead of multi-unit locatio
when:

• A path network is defined but each location must interface with a different 
node on the network.

• Different units have different processing times.

• The input for each unit comes from different sources.

• The routing is different for each unit.
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Defining a Multi-Unit Location

To create a multi-unit location, enter a number greater than one as the number of
for a location. A corresponding number of locations will be copied below the mul
unit location record in the Location edit table, each with a numeric extension des
nating the unit number of that location. Successive graphics, representing individ
units will be drawn to the right of the original location, but may be moved normal

The original location record becomes the prototype for the unit records. Each unit
have the prototype's characteristics unless the individual unit's characteristics ar
changed. In the table below, each unit of the location has a clock-based downtim
defined because the parent location, Loc2, was assigned a clock-based downtim
However, Loc2.1 has an additional entry-based downtime and Loc2.2 has an ad
tional usage-based downtime. Any other characteristic, including the icon, can b
changed as if the unit were an independent location.

If the number of units is changed, the individual unit location records are automa
cally created or destroyed accordingly.

Individual units of a multi-unit location can be selected to process an entity accor
to the Selecting Incoming Entities option in the Rules dialog box. (See Rules Dialog 
Box  on page 232.)

In the output report, scheduled hours for the parent location will be the sum of th
scheduled hours for the individual units.

Multi-Unit notes:

1. It is not possible to create a path network to interface with each unit of a mu
unit location. You must define the locations individually and use multiple loca
tions as discussed above.

2. It is not possible to route an entity to a specific unit of a multi-unit location. F
example, typing Loc2.3 in the destination field of the Routing edit table is not 
allowed.

� Note
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7.1.6 Location Downtimes

A downtime stops a location or resource from operating. A down resource or loca
no longer functions and is not available for use. Downtimes may represent sched
interruptions such as shifts, breaks or scheduled maintenance. Or, they may rep
unscheduled, random interruptions such as equipment failures. Downtimes may
be given preemptive or non-preemptive priority and may require one or more 
resources for repair times.

For single capacity locations, downtimes may be based on clock time, usage tim
number of entities processed, or a change in entity type. Multi-capacity locations 
only clock downtimes. If a downtime is occurring at a location and any other dow
time starts (except a setup downtime), the two downtimes are processed togethe
sequentially (i.e., downtimes overlap).

Specify a location downtime:

1. Select the desired location in the edit table.

2. Click on the DTs... button. This brings up the downtime selection menu 
shown here.

Each selection opens an edit table for specifying the required elements of the do
time. Each edit table is described below.

An alternative and more straightforward method for defining downtimes due to bre
or shifts is to use the Shift Editor. The Shift Editor also has the advantage of allow
a downtime to be defined for an entire group of locations.

� How To

� Hint
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Clock Downtime Editor

Clock downtimes are used to model downtimes that occur depending on the ela
simulation time, such as when a downtime occurs every few hours, no matter ho
many entities a location has processed.

The Clock Downtime Editor consists of the edit table shown below. To access th
Clock Downtime Editor, select Clock from the menu that appears after clicking the 
DT... heading button. Most expressions, including distributions, can be included in
Frequency, First Time, and Priority fields. (Consult Appendix A Expressions & State-
ments  on page 259 of the ProModel Reference Guide to see if the specific function is 
valid in a particular field.)

Frequency   The time between successive downtime occurrences. This option m
be an expression. This field is evaluated as the simulation progresses, so the tim
between downtimes can vary.

First Time   The time of the first downtime occurrence. If this field is left blank, th
first clock downtime will occur according to the frequency field. This time is evalu
ated after any initialization logic.

Priority   The priority (0-999) of the downtime occurrence. The default priority is 9
the highest non-preemptive priority.

Scheduled...   Select YES if the downtime is to be counted as a scheduled dow
time. Select NO if the downtime is to be counted as a non-scheduled downtime.

All scheduled downtimes will be deducted from the total scheduled hours reporte
the output statistics and, therefore, will not be considered in computing utilization
percent down, etc.

Logic   Enter any logic statements to be processed when the downtime occurs. W
the logic has completed, the location becomes available. In the most simple cas
logic is simply a WAIT statement with a time value or expression which represen
the duration of the downtime. Click on the heading button to open a larger edit 
window.

Disable   Select YES to temporarily disable the downtime without deleting it from
the table.

This example shows a simple, clock-based downtime where the location is down
10 minutes every 2 hours (120 min). Because this time should not be included in
total scheduled or available hours, YES is selected in the “Scheduled” column.
222 ProModel User’s Guide 
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Entry Downtime Editor

Entry downtimes are used to model downtimes when a location needs to be serv
after processing a certain number of entities. For example, if a paint machine nee
be refilled after painting every 100 cars, then an entry downtime should be defin
The downtime occurs after the entity that triggered the downtime leaves the locatio

The Entry Downtime Editor consists of the edit table shown below. To access the
Entry Downtime editor, select Entry from the menu that appears after clicking the
DT... heading button. Entry downtimes are only available for single capacity loca
tions. It contains fields for defining downtimes based on the number of entries th
have been processed at a location. Most functions, including distributions, can b
included in the Frequency and First Occurrence fields. (See Appendix A Expressions 
& Statements  on page 259 of the ProModel Reference Guide to see if a specific func-
tion is valid in a particular field.)

Frequency   The number of entities to be processed between downtime occurren
This may be a constant value or a numeric expression and is evaluated as the s
tion progresses.

First Occurrence    The number of entities to be processed before the first down
time. This may be a value or a numeric expression. If left blank, the first downtim
will be based on the frequency entered.

Logic   Any logic statements to execute when the downtime occurs. Normally, th
logic is simply a time expression representing the length of the downtime. Click o
the heading button to open a larger edit window.

Disable   Select YES to temporarily disable the downtime without deleting it from
the table.

In the example above, Robot1 will go down every 100 entries, with the first downt
occurring after only 50 entries. When the downtime occurs, it will require a resou
(M1) to service the machine for some amount of time between 3.8 and 4.2 minut
resource M1 is unavailable when requested, the robot will remain down until M1
becomes available.

Entry-based downtimes do not accumulate. For example, if a downtime cannot o
because the priorities of the entities being processed are at least 2 levels higher
the priority of the downtime, only the first downtime resumes after processing the
entities. All others are ignored.

�Note
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Usage Downtime Editor

Usage downtimes are used to model downtimes that occur after a location has b
operating for a certain amount of time, such as if a machine fails due to tool wear
so many hours of operation. Usage downtimes are different from clock downtime
because usage downtimes are based on location operation time, which does no
include blocked time. Clock downtimes are based on total elapsed simulation tim
which includes operation time, blocked time, idle time, etc. Usage downtimes are
only available for single capacity locations.

The Usage Downtime Editor consists of the edit table shown below. It contains fi
for defining location downtimes based on the actual time in use. Most functions, 
including distributions can be included in the Frequency, First Time, and Priority 
fields. (See Appendix A Expressions & Statements  on page 259 of the ProModel Ref-
erence Guide to see if a specific function is valid in a particular field.)

Frequency   The usage time between downtimes.

First Time   The time in use before the first downtime occurrence. Leave blank if 
first time is to be based upon the frequency entered.

Priority   The priority, between 0 and 999 of the downtime. The default priority is 
which is the highest non-preemptive priority. Generally, usage downtimes tend to
preemptive and should have priority values greater than 100.

Logic   Any logic statements to be processed when the downtime occurs. Typica
this field contains a time expression representing the length of the downtime. Clic
the heading button to open a larger edit window.

Disable   Select YES to temporarily disable the downtime without deleting it from
the table.

In this example, Robot2 will experience breakdowns according to a Gamma dist
tion with shape and scale parameters 1.7 and 2.3. Maintenance resource M1 wi
used to service the robot. The repair time is normally distributed with a mean of 
minutes and a standard deviation of .3 minutes.

Usage-based downtimes do not accumulate. For example, if a downtime cannot 
because the priorities of the entities being processed are at least 2 levels higher
the priority of the downtime, only the first downtime resumes after processing the
entity. All others are ignored.

�Note
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Setup Downtime Editor

Setup downtimes should be used to model situations where a location can proce
ferent types of entities but needs to be setup to do so, such as a drilling station 
handling various parts, each requiring a different drill bits. Setup downtimes will 
overlap, but will preempt other downtimes in a manner similar to that of an entity
Setup downtimes are only available for single capacity locations. 

Note that a setup downtime is assumed to occur only when an entity arrives at a
tion and is different from the previous entity to arrive at the location. Consequent
the word ALL in the prior entity field means all except the same entity type.

The Setup Downtime Editor consists of the edit table shown below. It contains fie
for defining location downtimes based on the arrival of a new entity type.

Entity   The incoming entity for which the setup occurs. If the setup time for all 
entity types is identical when shifting from the same prior entity, the reserved wo
ALL may be entered.

Prior Entity   The entity preceding the entity for which the setup occurs. If the se
is the same regardless of the preceding entity, you may enter the reserved word

Logic   Enter any logic statements to be processed when the downtime occurs. 
on the heading button to open a larger edit window.

Disable   Select YES to temporarily disable the downtime without deleting it from
the table.

This example shows that the time to setup Robot3 depends on the arriving entity
the prior entity. If a GearB follows a GearC, the setup time for the machine will b
based on a Lognormal distribution with a mean of 4.5 minutes and a standard de
tion of .95 min. But if a GearC follows a GearA, the setup time will be based on a
Lognormal distribution with a mean of 2.3 min and a standard deviation of .2 min
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Location Priorities and Preemption

Priorities determine which entity or downtime uses a location when more than on
entity or downtime is contending for it. Priorities may be any value or expression
between 0 and 999, with higher values having higher priority. For simple prioritizi
you should use priorities from 0 to 99. Priorities greater than 99 are used for pre
ing (bumping or displacing) entities or downtimes currently occupying a location.

Priority values are divided into ten levels (0 to 99, 100 to 199, ..., 900 to 999), wi
values beyond 99 used for preempting entities or downtimes of a lower priority le
Multiple preemptive levels make it possible to preempt entities or downtimes tha
themselves preemptive. This means that an entity, EntA, with a priority of 99 can
preempted by another entity, EntB, with a higher priority level of 199. In turn, ano
entity, EntC, with a priority of 299 can preempt EntB at the same location.

To preempt an entity currently using a location, a preempting entity or downtime m
have a priority at least ONE level higher than the entity currently at the location. 
preempt a downtime in effect at a location, a preempting entity must have a prior
least TWO levels higher than the current downtime. Since all overlapping locatio
downtimes are processed concurrently (except setup downtimes), a downtime ca
in effect, preempt another downtime.

A preempted entity will resume processing where it left off unless the location wa
the middle of a setup downtime. If the entity initiated a setup downtime before be
preempted, it will begin processing the setup logic from the beginning when it 
resumes.

Assigning Priorities

An entity or downtime accesses a location based on its priority. An entity is assig
a priority for accessing a location in the Destination column of the Routing edit ta
A downtime is assigned a priority in the appropriate Downtime edit table. The firs
the following examples shows a priority of 100 assigned to EntA as it tries to clai
Loc2. This priority is high enough to preempt any entity at the location having a p
ity less than 100. It is not high enough, however, to preempt any downtimes at th
location. 

Entity Location Operation (min)  Blk Output Destination Rule Move Logic
EntA Loc1 USE Res1 FOR N(3,.1) 1 EntA Loc2, 100 First 1 MOVE FOR 1

� Process Table                                       Routing Table
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This next example shows a priority of 200 assigned to a usage-based downtime
Loc4. This priority can preempt any entity at the location with a priority less than 

The following table shows the minimum priority level requirements for an incomin
entity or upcoming downtime to preempt the current entity or downtime at the 
location. 

Minimum Required Priority Levels for Preempting at a Location

• The upper left quadrant shows that for an entity to gain access to a locatio
already processing another entity, the incoming entity must have a priority
least one level higher than the current entity's priority.

• The upper right quadrant shows that for an incoming entity to gain access
location where a downtime is currently in effect, the entity must have a prio
at least two levels higher than the downtime's priority.

• The lower left quadrant shows that a for a downtime to preempt an entity c
rently processing, the downtime must have a priority one level higher than
currently processing entity.

• The lower right quadrant shows that all location downtimes (except setup)
concurrent or overlapping. Setup downtimes preempt as if they were entiti

The following examples demonstrate the explanations above in greater detail.

To preempt the 
Current Entity

To preempt the Current 
downtime

Incoming Entity 1 priority level higher 2 priority levels higher

Upcoming Downtime 1 priority level higher Downtimes overlap
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Example 1

The following example demonstrates what happens when Ent 1 with a priority of 9
preempted by Ent 2 which has a priority of 100 or greater.

Example 2

This example demonstrates what happens when a downtime having a priority of 
preempted by an entity having a priority of 200 or greater.
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T1 T2 T3 T4

Ent 2

Ent 1

Entity Preempting an Entity

Time

Ent 1 processing resumes upon
com pletion of Ent 2 processin g
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������������������
������������������

������������������������������
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Entity

DT

Entity Preempting a Downtime

Time

Downtime resumes immediately upon
completion of entit y processin g
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Example 3

This example demonstrates the behavior when an entity having a priority of 99 is
empted by a downtime with a priority value of 100 or greater.

Example 4

This example illustrates how, regardless of the downtime priority values, downtim
will overlap. The exception is setup downtimes, which preempt downtimes exact
like entities (see Example 5).

������������������
������������������

������������������������������
������������������������������

T1 T2 T3 T4
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DT

Downtime preemptin g an Entit y

Time

Remaining entity processing time
resumes on completion of downtime
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Example 5

This example demonstrates what happens when a setup downtime with a priorit
99 is preempted by a normal downtime having a priority of 100 or greater.

Example 6

This example demonstrates what happens when Ent 1 setup downtime with a pr
of 99 is preempted by Ent 2 having a priority of 100 or greater.

�����������������
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T1 T2 T3 T4

Entity setup

Downtime Preempting

Time

Remaining setup time resumes

Entity in Setup

Downtime
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upon completion of downtime
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Ent 1 setup

Ent 2

Entity Preempting

Time

Ent 1 setup must start over upon

Entity in Setup

Ent 1 setup���������������������������
���������������������������

completion of Ent 2 processin g
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Special Notes Regarding Location Downtimes

1. When an entity preempts another entity (Example 1), or when an entity pree
a downtime (Example 2), or when a downtime preempts an entity (Example 
any resources owned by the preempted entity or downtime will be freed tem
rarily until the preempting entity or downtime finishes at the location. At that 
time, the original entity or downtime will seek to claim the exact units of the 
resource or resources it owned before the preemption occurred.

2. As shown in examples 5 and 6, an entity that requires a location setup will b
treated differently depending on the preempting activity. If the preempting ac
ity is another entity, the current setup in process will have to start over from t
beginning. However, if the preempting activity is a downtime, the remaining 
setup time will finish upon completion of the preempting downtime.

3. Locations will not go down if they are in a blocked state. A location is blocke
it has an entity that cannot be routed because of the unavailability of the nex
location. This may also include the time an entity waits to enter a location ba
on a routing condition, such as LOAD.

4. Locations will not go down if any of the occupying entities are waiting for a 
resource or are waiting at any of the following statements:

WAIT UNTIL ACCUM COMBINE MATCH
GROUP JOIN LOAD

5. In cases where a downtime or other entity attempts to preempt an entity’s us
location, a preemption process may be defined to override the default way of
dling the preemption. See Preemption Process Logic  on page 501.
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7.1.7 Rules Dialog Box

The Rules dialog box, selected by clicking on the Rules button in the Locations e
table, is used to choose the rule for ProModel to follow when making the followin
decisions:

• Selecting incoming entities

• Queuing for output

• Selecting a unit

Selecting Incoming Entities

When a location becomes available and there is more than one entity waiting to 
a decision must be made regarding which one to admit. The primary determining
tor is the priority of the input routing. The entity with the highest routing priority w
be admitted regardless of the incoming selection rule. However, if two or more e
ties have the same priority for claiming the location, then the location selects an 
incoming entity based on the incoming selection rules listed below.

Oldest by Priority    Selects the entity waiting the longest among those having 
highest routing priority.

Random   Selects randomly with equal probability among all waiting entities. 

Least Available Capacity   Selects the entity coming from the location having th
least available capacity. Ties are broken by the entity waiting the longest.

Last Selected Location   Selects the entity coming from the location that was 
selected last. Ties are broken by the entity waiting the longest. If no entities are 
ing at the last selected location, the Oldest by Priority rule takes effect.
232 ProModel User’s Guide 
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Highest Attribute Value   Selects the entity with the highest attribute value for a
specified attribute. Ties are broken by the entity waiting the longest. Location 
attributes are also valid entries.

Lowest Attribute Value   Selects the entity with the lowest attribute value for a 
specified attribute. Ties are broken by the entity waiting the longest. Location 
attributes are also valid entries.

Queuing For Output

When an entity finishes its operation at a location, other entities to finish ahead o
may not have departed. A decision must be made to allow the entity to leave or to
according to some queuing rule. If one of the following queuing rules is not speci
“No Queuing” will be used. 

No Queuing   Entities that have completed their operations at the current locatio
are free to route to other locations independent of other entities that have finishe
their operations. If this option is selected it is not displayed in the Rules Box.

First In, First Out (FIFO)   The first entity completing operation must leave for it
next location before the second entity completing its operation can leave, and so

Last In, First Out (LIFO)    Entities that have finished operations queue for outp
LIFO so the last one finished is the first to leave.

By Type   Entities that have finished their operations queue for output FIFO by 
entity-type so the routing for each entity type is processed independently of rout
for all other types.

Highest Attribute Value   Entities that have completed operations queue for outp
according to the highest value of a specified attribute.

Lowest Attribute Value   Entities that have completed operations queue for outp
according to the lowest value of a specified attribute.

Selecting a Unit

If the location has multiple units, then incoming entities must select which availa
unit to use. One of the following rules may be selected. These decision rules app
multi-unit locations only. 

First Available   Selects the first available unit.

By Turn   Rotates the selection among the available units.

Most Available Capacity   Selects the unit having the most available capacity. 
This rule has no effect with single capacity units.

Fewest Entries   Selects an available unit with the fewest entries.
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Random   Selects an available unit randomly.

Longest Empty   Selects the unit that has been empty the longest.

When specifying the decision rules for selecting incoming entities at a location, i
important to remember that the routing of an entity is also dependent on the que
for output decision rules at the previous location. The following example will clar
this principle.

Rules Dialog Box Example

Consider a location, Loc1, which has a “Last In, First Out (LIFO)” as the queuing
output rule. Suppose that two other locations, Loc2 and Loc3, have “No Queuing
the output rule. The three locations, Loc1, Loc2, and Loc3 feed into Loc4 which 
an “Oldest by Priority” rule for selecting incoming entities. 
234 ProModel User’s Guide 



 Section 7.1  Locations

7.
1.

7

oc1 
r 
s 
g the 

 
ause 
 
tA 
ext, 
Two parts are queued for output at Loc1. The part waiting the longest, EntA, at L
has been waiting 10 minutes. The other part, EntB, which queued for output afte
EntA, has been waiting 5 minutes. At Loc2, the part queued for output, EntC, ha
been waiting 7 minutes. At Loc3, the part queued for output that has been waitin
longest, EntD, has waited 3 minutes.

The part to enter Loc4 first is EntC at Loc2 which waited 7 minutes. Even though
EntA has been waiting ten minutes, it must wait until EntB has been routed, bec
EntB is ahead of it in the output queue according to the LIFO queuing rule. Once
Loc4 finishes processing EntC, EntB at Loc1 enters Loc4. EntB enters before En
because entities must be output before a destination selects incoming entities. N
EntA at Loc1 enters Loc4 after which EntD at Loc3 enters Loc4.
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7.2 Entities
Anything that a model processes is called an “Entity.” Parts, products, people or
paperwork should be modeled as entities. Entities may be grouped, such as whe
eral boxes are stacked on a pallet (through the GROUP statement); consolidated
single entity, such as when a tire is joined to a rim to form a wheel (through the J
statement); split into two or more entities, such as when a pipe is cut to a certain
length (through the SPLIT AS statement); or converted to one or more new entit
(through the RENAME or CREATE statement or by defining multiple outputs in th
routing). 

Each entity type has a name and a name index number. In logic and expression
entity can be referred to by name or by its name-index number using the ENT() f
tion. The ENT() function allows a statement requiring an entity name to use an 
expression that may change to reference different entity names as a simulation 
progresses. See Ent()  on page 145 of the ProModel Reference Guide for more 
information.

Entities may also have user-assigned attributes to represent such things as dime
weights, pass/fail status, group identifiers, etc. 

Access the Entities Editor:

• Select Entities from the Build menu.

or...

• Right click on the existing entity and select Edit .

� How To
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7.2.1 Entities Editor

Entity types are created and edited with the Entities Editor. The Entities Editor co
sists of (1) an edit table to define the name and specifications of each entity type 
system, and (2) the Entity Graphics window for selecting one or more icons to re
sent each entity. The fields of the edit table are explained below.

Icon    This is the graphic icon used to represent the entity during the animation.
Entity graphics are defined or modified using the Entity Graphics window. This ic
can vary during the simulation. See Defining Multiple Entity Graphics  on page 241.

Name   The entity name. See Language Elements  on page 56 the ProModel Refer-
ence Guide for more information on naming.

Speed    This entry is optional and applies to self-moving entities such as human
defines the speed in feet or meters (depending on the distance units chosen in t
General Information Dialog box) per minute to be used for any of the entity's mo
ment along a path network. When creating a new entity, a default value of 150 fpm
50 mpm for metric systems) is automatically entered. This is roughly the speed o
human walking.

Stats    The level of statistical detail to collect for each entity type: None, Basic, o
Time Series. Time series statistics must be selected if you wish to view a time se
plot in the output module.

Notes    Any information you wish to enter about the entity, such as material, supp
name, etc.
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7.2.2 Defining Entities

Entities are typically defined graphically by clicking on a desired library graphic i
the Entity Graphics window. Alternatively, you may define entities by simply enter
their names and characteristics in the Entity edit table. Entity graphics are option

Define entities graphically:

1. Select Entities from the Build menu.

2. Check the New box in the Entity Graphics window.

3. Select an icon for the entity. (Use the Graphic Editor to create new icons.)

4. Edit the name and other default entries for the entity in the Entity edit 
table.

� How To
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7.2.3 Entity Graphic Dimensions

An entity has two sets of dimensions, a logical (length and width) dimension, and
graphical (horizontal and vertical) dimension. An entity's length and width are use
determine the number of entities that can fit on a conveyor, and do not affect the
of the graphic on the screen during a simulation. They are changed in the fields 
labeled Length and Width in the Entity Graphics window. If multiple graphics are
defined for an entity, each graphic can have a different length and width. Which s
user chooses to call the length or width is unimportant as long as the proper side
referenced when defining a conveyor. If no conveyors are defined in the model, n
specifications of a length and width are necessary.

An entity's horizontal and vertical dimensions are used to determine the size of t
graphic on the screen. These dimensions can be changed in two ways. The scro
to the right of the graphic will scale the graphic. In addition, the horizontal and ve
cal dimensions can be changed by clicking on the Edit button, then clicking on th
Dimensions button from the resulting dialog box. The default dimensions are det
mined when an icon is created to scale in the Graphic Editor. If the size is chang
using the scroll bar, the change will be reflected in the dimensions listed. If you 
change either the horizontal or vertical dimension from the dialog box, the size o
icon will change accordingly.

Since the horizontal and vertical dimensions must remain proportional, only one
the dimensions needs to be changed. The other dimension changes automatica
maintain proportionality.

� Note
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7.2.4 Defining Multiple Entity Graphics

Entity types can be assigned more than one graphic to represent the entity at va
stages of production or traveling in different directions. An entity representing a b
could be assigned two graphics, one without the wheels attached, the other with
wheels attached. During the simulation, when the wheels get attached with a JO
statement, the graphic representing the bike could be changed from the one with
wheels to the one with wheels using the GRAPHIC statement (see Graphic  on page 
160 of the ProModel Reference Guide for information). 

Define multiple graphics for an entity type:

1. Uncheck the New box on the Entity Graphics window. Numbered graphic 
cells appear in the Entity Graphics window. 

2. Click on the desired cell.

3. Select a library graphic from the graphics menu. 

4. Repeat steps two and three until all the desired graphics have been 
assigned to the entity type.

The graphic that represents an entity during a simulation will be the first in this se
until an entity's graphic is changed with the GRAPHIC statement.

� How To
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7.2.5 Preemptive Entities

Often during a simulation, it is desirable to have an entity preempt an activity at a
location or resource in order to gain access to that location or resource. These s
tions can be modeled using preemptive priorities. An entity with a high enough 
priority can take over a location processing an entity or a location that is down. A
entity with high enough priority can also take over a resource when it is being use
another entity or when it is off shift. When an entity takes over a location that wa
down or in use by another entity, the entity has preempted the downtime or the o
entity. 

In a multi-capacity location, the occupying entity will be preempted only if there is
more capacity at the location and the occupying entity is undergoing an operatio
time. Further, the occupying entity cannot be one that has been split, created, gro
combined, ungrouped or unloaded at the location.

An entity must have a priority one level higher than an occupying entity to preem
the occupying entity. An entity must have a priority that is two levels higher than 
downtime to preempt the downtime. If an entity does not have a high enough pri
to preempt another entity or downtime at a location, it waits in line (oldest by prior
to access the location (see Location Priorities and Preemption  on page 226).

Note that the priority of an entity is not defined for the entity itself. For claiming a
location, it is defined in the destination field of the routing. For capturing a resour
is defined as part of the GET, JOINTLY GET, or USE statement. A priority may, h
ever, be assigned to an attribute of a referenced entity when it attempts to acces
resource or location. 

Example of Preemptive Entities

In this example entity (EntA) arrives at location Loc1. Immediately upon arrival it
requests to use resource Res1 for a normally distributed amount of time. The pr
for obtaining the resource is 99, which means that it is a non-preemptive reques
When Res1 becomes available, EntA will be first in line because it has the highe
non-preemptive priority possible. When processing is complete for this entity, it i
routed to Loc2 with priority 200. This means that it can preempt another entity or a 
downtime that may already be in process at Loc2. (See Location Downtimes  on page
221 and Resource Downtimes  on page 274 for more details on entity preemption.)

Entity Location Operation (min)  Blk Output Destination Rule Move Logic
EntA Loc1 Use Res1,99 For N(3,.1) 1 EntA Loc2,200 First 1 MOVE FOR 2.5

� Process Table                                       Routing Table
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7.3 Path Networks
When resources are modeled as dynamic resources which travel between locati
they follow path networks. Entities moving by themselves between locations may
move on path networks if referenced in the move logic of the routing. Otherwise, 
follow the routing path. Multiple entities and resources may share a common path
work. Movement along a path network may be defined in terms of speed and dist
or simply by time. See discussion on Automatic Time and Distance Calculation, 
in this section, for more information about movement according to speed and dist
or by time.

There are three types of path networks: passing , non-passing , and crane . A pass-
ing network is used for open path movement where entities and resources are fr
overtake one another. Non-passing networks consist of single-file tracks or guide
paths such as those used for AGVs where vehicles are not able to pass. Crane n
works define the operating envelope and interface points for bridge cranes only.

Passing and non-passing networks consist of nodes, which are connected by pa
ments. Path segments are defined by a beginning and an ending node and may
directional or bi-directional. Multiple path segments, which may be straight or 
jointed, may be connected at path nodes. Crane networks consist of a crane env
and nodes defining move positions. For all path networks, path nodes define the
points where the resources using the network interface with processing locations

Path Networks are defined in the Path Networks Editor, accessed from the Build
menu.
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Create or edit a path network:

• Select Path Networks  from the Build  menu.

or...

• Right click on the existing path network and select Edit .

7.3.1 Path Networks Editor

The Path Networks Editor consists of an edit table with fields for defining basic in
mation about each network, such as the network name, the type of network (Non
Passing, Passing, or Crane), and the basis for movement along the network (Sp
and Distance or Time). Clicking on the appropriate heading button will bring up a
table for defining nodes, path segments, and location node interfaces.

The following explains each field of the Path Networks edit table.

Graphic    For passing or non-passing path networks, this button displays the Pa
Color dialog, which allows you to define the color of the path network. For crane p
networks, it displays the Crane Graphic edit dialog, which allows you to specify t
colors, bridge separation, and graphical representation of the crane. Click on the
heading button or double click in this field to bring up the graphic dialog. Both dia
logs allow you to specify whether or not the network will be visible at run time. 

Name   A name that identifies the path network. For more information about vali
names, see Names  on page 57 of the ProModel Reference Guide.

Type    Set this field to Non-Passing if you want entities and resources to queue 
behind one another on the path network. If a path is Non-Passing, entities may n
pass each other, even if an entity is traveling at a faster speed than the one in fro
it. Set this field to Passing if you want entities or resources to pass each other on
path network. If you want to create a crane path network, select Crane.

T/S   Set to either Time  or Speed and Distance  as the basis for measuring move
ment along the network. See the discussion on Automatic Time and Distance 
Calculation later in this section for more information. This option is not available 
crane path networks.

Paths    The number of path segments in the network. Clicking on the heading bu
opens the Path Segment edit table where the user may define the network's nod

� How To
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node connections. The Path Segment edit table is covered in more detail later in
section. This option is not available for crane path networks.

Interfaces    The number of location-node interfaces in the path network. If an en
will be picked up or dropped off at a particular location by a resource, that locatio
must connect to a node through a location-node interface. Clicking on the headin
button opens the Interfaces edit table where the user may define nodes that conn
processing locations. The Interfaces edit table is covered in more detail later in t
section.

Mapping    The number of entries in the Mapping edit table. Clicking on the head
button opens the Mapping edit table where the user may map destinations to pa
lar branches of the network. (The Mapping edit table is covered in more detail lat
this section.) This option is not available for crane path networks.

Nodes    The number of nodes defined in the Nodes edit table. Nodes are create
automatically when graphically defining path segments. Click on this heading bu
to open the Node edit table, which may be used to define nodes manually or set 
Limits on one or more nodes. Nodes may also be used to control a resource's be
through node logic or search routines such as work and park searches (see Resources  
on page 261). The Nodes edit table is covered in more detail later in this section. T
also indicates the origin, rail, bridge, and additional nodes for the crane.

Create a Path Network graphically:

1. Set the default time and distance values per grid unit from the Grid dialog 
box.

2. Choose Path Networks... from the Build menu.

3. Enter the name of the network in the Path Networks edit table.

4. Select either Passing , Non-passing or Crane as the network type. (See 
cranes explained further in this section.)

5. Select either Speed and Distance or Time as the travel basis.

6. Click on the Paths... heading button to open the Path Segment edit table.

7. Lay out the network using the mouse buttons as described below.

Create path segments:

1. Left click to create a node and begin a path segment.

2. Additional left clicks produce path joints.

3. A right click ends the segment and creates a new node.

� How To

� How To
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Modify path segments:

To create a new path from an existing node

• Left click on that node.

To delete a joint

• Right click on an existing joint.

To add a joint

1. Right click anywhere on a path segment.

2. Select Add Node  from the menu.

3. Drag the joint to the desired position.

If you hold down the CTRL key and move the cursor over a path segment or joint
Add/Delete joint cursor will appear. From here, left-click to add or delete a joint.

To highlight a path on the layout and in the Path Segment edit table

• Left click on that path.

Create additional nodes or move existing nodes:

1. Click on the Nodes heading button in the Path Networks edit table.

2. Click the left mouse button to create a node on both the layout and in the 
Nodes edit table.

3. Drag an existing node to move that node.

Move a path network:

1. Click on the Paths heading button in the Path Networks edit table.

2. Left click on any path segment and drag to the desired position. The 
entire network will move.

� How To

�Note

� How To

� How To
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7.3.2 A Typical Path Network

The following diagram shows a path network consisting of seven nodes (N1 to N
connected by path segments. Path segments may be straight lines from one nod
another, as in the segment from node N7 to node N6, or they can have any num
joints, such as the segment from node N2 to node N5. 

7.3.3 Path Segment Edit Table

This table is used to define the Path Segments that make up a path network. Wh
specifying travel according to time between nodes, the heading “Distance” chan
automatically to “Time.”
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The following defines the fields of the Path Segment edit table.

From   The beginning node of the path segment.

To   The ending node of the path segment.

BI   Set to Uni-directional or Bi-directional depending on whether traffic can travel i
only one or either direction.

Time   If travel along the network is to be measured in time rather than in speed
distance, then enter the time required for a resource or entity to traverse the pat
ment. This value may be any numeric expression except for resource and downt
system functions. When travel along a path is measured in time, all resources an
entities traveling along the path take the same amount of time to travel it, regardle
their speed. This field's title changes to “Distance” if the T/S field in the Path Net
works edit table is set to Speed and Distance.

Distance   If travel along the network is to be measured in terms of speed and d
tance, enter the length of the segment which determines the travel time along the
in conjunction with the speed of the resource or entity.

The value entered may be any numeric expression except for attributes, arrays, 
system functions. This expression is evaluated only when the simulation begins.

The distance may be followed by a comma and a speed factor between .01 and
This speed factor may be used to model any circumstance affecting the speed of
traveling the path. For example, a resource may normally travel at 150 fpm, but m
slow down as it goes around a corner to 80% of the original speed, 120 fpm. Thi
would be entered as 100, .8 for a path segment 100 feet long which traversed th
ner. This field's title changes to “Time” if the T/S field in the Path Networks edit ta
is set to Time.

Path segment editing notes:

1. If no path segments have been defined for a network, resources and entities
move from node to node in zero time. See Processing  on page 295 for more 
information about the Routing Move dialog box.

2. To move nodes already defined on the layout, click on the Nodes button and
move the desired nodes.

3. To insure that all nodes can be seen by the user, two nodes cannot be locat
the same point.

� Note
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Automatic Time and Distance Calculation

The distance between two successive nodes or the time required to traverse a se
between two successive nodes is calculated according to the number of grid uni
between the nodes and the default time and distance values per grid unit. ProMo
then automatically enters this time or distance in the Time/Distance column of th
Path Segments edit table. Although the calculated time or distance may be edite
later, relying on the automatic time and distance calculation feature allows path n
works to be built to scale and saves time when defining path networks graphical
The time or distance for a path is automatically recalculated whenever the path i
edited (lengthened or shortened) unless you unchecked the “Recalculate path le
when adjusted” box under Options in the Tools menu.

Set the default time and distance values per grid unit:

1. Select Layout Settings  from the View menu.

2. Select the Grid Settings button.

3. Click on the Scale... button in the Grid dialog box.

4. Enter the time and distance values as shown below.

To set these values as defaults, you must check the Save as Default Grid Setting
option on the grid dialog box.

� How To

�Note
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7.3.4 Interfaces Edit Table

If an entity will be picked up or dropped off at a particular location by a resource, 
location must connect to a node through a location-node interface. The Interface
table is used to define location-node interfaces. The graphic below shows how to
node N1 to interface with location Loc1, node N3 to interface with Location Loc2
and so on, as in the example at the beginning of this section.

The fields of the Interfaces edit table are described as follows.

Node   The node name.

Location   The name of any locations which interface with the node. Nodes can
interface with several locations, but a location may interface with only one node 
the same path network.

Create location-node interfaces

1. Left click on the desired node to begin rubber-banding a link or interface.

2. Left click on the desired location to complete the interface.

A node on a path network may not interface with a particular unit of a multi-unit loca
tion (i.e., Loc1.2). A node may only interface with the “parent” location (i.e., Loc1)
a multi-unit location.

� How To

� Note
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7.3.5 Mapping Edit Table

If there are multiple paths emanating from one node to another node, the default path 
selection will be based on the shortest distance for speed & distance networks, a
least number of nodes for time based networks. These defaults can be overridde
explicitly mapping some destination nodes to specific branches that entities and
resources will take when traveling out of a “from” node.

The fields of the Mapping edit table are described as follows.

From   Entities and resources traveling out of this node will use this mapping rec
to decide which of the alternate branches will be taken next.

To   The “from” node and the “to” node together define the branch to be taken ne
This might also be interpreted as the node which entities and resources will go 
through, to reach one of the destination nodes.

Dest.   Entities and resources whose ultimate destination is one of these nodes will 
be forced to take the branch that directly connects the “from” node to the “to” no

Create mappings using the Mapping edit table:

1. Click on the Mapping...  heading button in the Path Network edit table. 
This will open the Mapping edit table.

2. Click on the From  heading button and select the node to be mapped.

3. Click on the To heading button and select the terminating node for the 
branch to be mapped.

4. Click on the Destination  heading button and select the desired node(s).

� How To
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Create mappings graphically:

1. Click on the Mapping...  heading button in the Path Network edit table. 
This will open the Mapping edit table.

2. Click on the from node in the Layout Window. This places the selected 
node in the From field.

3. Click on the to node in the Layout Window. Note that the to node must be 
directly connected to the from node with a single branch.

4. Click on the destination node(s) in the Layout Window. This places the 
selected node(s) in the Destination field.

ProModel automatically calculates and uses the shortest paths on unmapped po
of networks (if the network is time based, the path having the least number of nod
used). Explicitly indicating shortest paths using mapping constraints will speed up
translation process, especially for models with complex networks.

An example of mapping two branches of a network is given on the following pag

Mapping Example

The following example uses a path network diagram to demonstrate mapping.

In this example, we wish to force resources and entities enroute from Loc1 to Lo
Loc5, or Loc6 to take the branch directly connecting node N2 and node N5 to av
traffic congestion at the intersection of the two main branches at node N3. Since 
are multiple ways to go from N2 to N5, a decision as to which alternative will be u
has to be made at N2.

In addition, we want resources and entities to follow the same path in the oppos
direction when enroute from Loc4, Loc5, or Loc6 to Loc1. In this case, the decis
must be made at N5.

Because the combined length of segments connecting N2 to N3 and N3 to N5 is
shorter than the length of the single segment from N2 to N5, resources and entit
based on speed and distance will normally take the former path to travel. To forc
them to take the longer path, we must specify mapping constraints.

� How To
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This case requires two explicit mapping constraints to override the selection of de
paths in each direction: The first table entry forces entities and resources en-rou
from Loc1 to Loc4, Loc5, or Loc6 to override the default path and take the direct
branch from N2 to N5. The second table entry forces entities and resources trav
from N5 (originally from Loc6, Loc5 or Loc4) to Loc1 to take the direct branch fro
N5 to N2. Entries 3 and 4 are optional, and might be useful to speed up translation,
since the restrictions they impose allow the shortest path calculations to be bypa

There is a shortcut to force the same non-default path selection constraint to a nu
of destination nodes: For instance, if the vertical arm of the path network extende
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to include many other nodes N8, N9, etc., and locations Loc7, Loc8, etc., then w
would change the Mapping edit table as follows:

1. Delete line 1 in the Mapping edit table.

2. Make sure that line 3 is there (it is not optional any more).

3. Include a line which reads: “From: N2, To: N5, Dest:<BLANK>.”

The empty destination column will be interpreted as “all other destination nodes”
ProModel.

For a “from” node (unless there is a branch map with a blank destination column)
nodes not explicitly listed in the destination columns of existing mapping records 
be reached via the default path selections.

G Note
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7.3.6 Nodes Edit Table

The Nodes edit table lists the nodes that make up a path network and is used to
the number of resources and entities that may occupy a node at any given time.
addition to controlling traffic on a path network, nodes also define where resourc
interface with locations or where entities enter and leave the path network. Node
may also be used solely to control a resource or entity's behavior through node l
or search routines such as work and park searches (see Resources  on page 261).

The following defines the fields of the Nodes edit table.

Name   The node name.

Limit   The maximum number of resources and entities that may occupy a node
any given moment. A blank entry means there is no limit.

7.3.7 Defining a Crane Envelope Path Network

The first step in creating a crane in a model is to specify its operating envelope i
Path Networks module. The actual cranes to use a particular crane envelope are
fied later in the Resources module.

When the Type button is clicked in the Path Networks edit table in ProModel, a m
appears as shown below. The third type of path network listed is the Crane.
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Define a crane envelope (path network):

1. Select Crane  as the network type from the path networks edit table. The 
following crane graphic appears in the Layout window. The horizontal 
lines represent the rails and the vertical line represents the bridge. The 
Nodes window also appears with four, pre-defined nodes (coordinate axis 
values) defining the crane envelope or coordinate system.

All crane movement is defined relative to this R,B (Rail, Bridge) coordi-
nate system. Initially, the origin is defined at the lower left corner of the 
envelope. You are free to adjust the crane envelope and move the origin 
to a different relative position. For example, you may want to position the 
rails vertically.

2. Click and drag the corner nodes to size and orient the crane envelope as 
desired. The rails always stay parallel and the same length. (Adjusting 
one rail makes the other rail follow.)

3. To move the entire crane envelope while the Nodes window is open, click 
on any part of the bridge or rails except the corner nodes and drag it to 
the desired position.

4. Edit the coordinate axis values in the Nodes window if necessary to 
reflect the actual dimensions of the crane envelope. The zero coordinates 
of these pre-defined nodes cannot be changed.

Crane coordinates are written as R,B where R equals the distance from the origin 
along the axis of the rails and B equals the distance from the origin along the bridg
axis. Coordinate axis values are initially calculated based on the grid size and sc
defined in the General Information dialog.

� How To
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Movement Nodes

With the crane envelope sized and positioned as desired, you are now ready to p
additional nodes inside the envelope. Movement nodes define pickup and drop-o
positions, downtime positions, park positions, or home positions (the origin nodes
be used to interface with locations as well). The coordinates of the nodes are ca
lated based on the envelope coordinate system. You may edit the coordinates of
nodes in the Nodes window. Nodes cannot be placed outside the envelope.

Add nodes in the envelope:

1. Click on the Nodes button to display the Nodes window unless the Nodes 
window is already open.

2. Click inside the crane envelope in the Layout window to add a new node.

3. Edit the node name or coordinates as desired. If the coordinates you 
enter exceed the boundaries of the envelope, the coordinates will be reset 
to their previous values when you leave the field. When you change the 
coordinates of a movement node, the corresponding node graphic in the 
Layout window is repositioned relative to the rail and bridge coordinates.

How to remove a node from the envelope:

1. Click on the node record in the Nodes window.

2. Select Delete  from the Edit  menu.

If the non-zero values of the first four pre-defined nodes are changed, all movem
node coordinates are recalculated relative to the change in the pre-defined corne
nodes, but the envelope graphic remains unchanged. When the envelope’s grap
changed while the Nodes window is open, the user-defined nodes are reposition
ative to their coordinates, but the values of their coordinates do not change.

a How To

a How To
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Node-Location Interfaces

You may interface any node including the pre-defined nodes to a location in the 
out. If an entity will be picked up or dropped off at a particular location by the cra
that location must be connected to a node in the interfaces table in the Path Net
editor.

Create a node-location interface:

1. Click on the Interfaces button in the Path Networks edit table to open the 
Interfaces window.

2. Left click on the desired node to begin rubber-banding a link or interface.

3. Left click on the desired location to complete the interface.

4. Repeat steps 2 and 3 for each node-location interface, or manually enter 
node and location names in the Interfaces window. You can also click on 
the Node and Location buttons in the Interfaces window to select from the 
lists of available nodes and locations.

a How To
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Envelope Graphics & Bridge Separation

When you click on the Graphic button in the Path Networks edit table, ProModel
plays the Crane Graphic dialog if the selected path network type is a crane. As s
in the following figure, this dialog provides several graphic options including the 
bridge separation distance.

Scroll Bars    Use the scroll bars to change the width of the rails or the bridge.

Colors    These three buttons let you define the colors for the crane graphic. The 
defined with the Rail Fill button is also used for the color of the path nodes in the
crane network.

Hide bridge/Hide rails    These check boxes allow you to make the bridge and/o
rails invisible during simulation.

Bridge Separation    The minimum distance maintained between multiple crane
operating in the same envelope. This distance is measured from the center-lines
each bridge and is used to ensure that cranes in the same envelope will not cras
each other. The envelope should be extended to allow for any backing away of c
that could occur.
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7.4 Resources
A resource is a person, piece of equipment, or some other device used for one or
of the following functions: transporting entities, assisting in performing operations
entities at locations, performing maintenance on locations, or performing mainte
nance on other resources. Resources consist of one or more units having comm
characteristics, such as a pool of service technicians or a fleet of lift trucks. Reso
may be dynamic, meaning that they move along a path network, or static, in whic
movement occurs. A special type of dynamic resource provided in ProModel is a
crane. Resources may also have downtimes.

Every resource has a name and a name-index number. Logic referring to a reso
such as the GET statement, can use either the resource's name, or the RES() fu
to refer to the resource. The RES() function allows a statement using a resource
to refer to different resources as a simulation progresses. See Res()  on page 213 of the 
ProModel Reference Guide for more information.

Resources are defined in the Resources Editor, which is accessed through the B
menu.

To create and edit resources:

• Select Resources  from the Build menu.

or...

• Right click on the existing location and select Edit .

� How To
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7.4.1 Typical Use of Resources

The diagram below shows two types of resources, forklifts and an operator. Fork
are used as resources to transport entities from Loc1 to any of the processing lo
tions, Loc2 through Loc6. The forklifts are dynamic resources and travel along th
path network, Net1, explained previously in Path Networks  on page 243. The opera-
tor inspects all parts at Loc7 and never moves from that location. Therefore, the 
operator is a static resource and does not need a path network.

The remainder of this section defines the elements and the procedures necessa
specifying static and dynamic resources.
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7.4.2 Resources Editor

The Resources Editor consists of the Resources edit table and the Resource Gr
window. These windows are used together to specify the characteristics of a res

Resources Edit Table  Appears along the top of the workspace with fields for 
specifying the name of each resource, the number of identical units of a resourc
downtime characteristics of each resource, and other important information, suc
the path network the resource uses to travel.

Resource Graphics Window   Contains graphic icons that may be selected to r
resent a resource during simulation. A resource may have more than one icon to
represent different views of the resource, to change colors when a breakdown oc
etc. This window also allows you to define multi-unit resources graphically on the
layout. Defining a resource is as simple as selecting an icon from the Resource G
ics window, giving the resource a name, and specifying the characteristics of the
resource.
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Resources Edit Table

The Resources edit table defines the characteristics of each resource in the sys
The fields of this table are defined below.

Icon    The icon selected for this resource. Icons are selected using the Resourc
Graphics Window. If more than one icon is selected for the resource, the first ico
shown here.

Name   The name of the resource.

Units    The number of units represented by this resource name between 0 and 9
a macro)—crane resources can have only a single unit. If the entry is a numeric 
expression, the expression will be evaluated at the start of the simulation run. Co
quently, the number of resource units cannot be changed during the simulation r
you would like to vary the number of units of a resource during runtime, use dow
times to vary the number of resources available at a given time. (See Resource 
Downtimes  on page 274.)

When you use a macro with a value of zero in the units field, you can use SimRu
to find the optimal number of resources needed for your model. 

DTs...   Select this field to define any optional downtimes for this resource. Only 
clock and usage based downtimes are permitted for resources.

Stats...    The desired statistics, if any, to gather for this resource. Statistics can b
collected as a summary report over all units of a resource, or individually for each
of a resource. The options are as follows:

• None   No statistics are gathered.

• Basic   Average utilization and activity times are recorded collectively for a
units of the resource.

• By Unit   Statistics are gathered for each unit individually as well as collec
tively.

Specs...    Select this field to open the Resource Specifications dialog box, which
used to assign a path network, define the resource speed, pickup and deposit tim
etc. For more information on the Specification dialog, see Resource Specifications 
Dialog Box  on page 282.

�Note
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Search...    If a path network has been assigned, select this field to access the W
Search and Park Search edit tables, used to define optional work and park searc

Logic...    If a path network has been assigned, select this field to define any opti
logic to be executed whenever a resource enters or leaves a particular path nod
you have defined a node entry and exit logic, the logic field will show the number
nodes where node entry and exit logic has been defined.

Pts...    If a path network has been assigned, select this field to define resource p
which are auxiliary points where multiple resources may appear graphically whe
parked or in use at a multi-capacity node. 

Notes...    Enter any notes in this field, or click on the heading button to open a la
Notes window for entering notes.

Resource Graphics Window

The Resource Graphics Window appears when the Resources module is opened
used to assign graphic symbols to resources. If the New box is checked in the win
selecting a graphic creates a new resource. Multiple graphics are defined for a g
resource by selecting the desired resource and unchecking New. This procedure
causes a scrollable row of graphic cells to appear which are automatically and se
tially numbered beginning with 1. Graphics may be added or replaced for a given
resource by clicking on the desired cell and selecting a library graphic from the g
ics menu.

By using the GRAPHIC statement in resource downtime logic, or, in the case of 
dynamic resource, node logic, any of the multiple graphics assigned to a resource
be activated during simulation. For static resources, you may define a second or
graphic to be used automatically when the resource is busy or down, respectivel

Resource graphics may be sized using the scroll bar or edited by clicking the ed
ton. Edit options include rotating, flipping horizontally or vertically, and changing t
color of the graphic. In addition, you can also specify the dimensions of the reso
graphic. For more information on the Library Graphics Window in the Resource 
Graphics Window, see Library Graphics Window  on page 405. 
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The Layout Position allows you to add or delete resource graphics on the layout
When adding a resource graphic to the layout, ProModel automatically adds a u
and a resource point. When deleting a resource graphic from the layout, ProMod
deletes the resource point but leaves the number of units in the units field uncha
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7.4.3 Static Resources

Static resources are resources that are not assigned to a path network and there
not visibly move. A static resource may be needed to perform an operation at only
location, such as an inspection operator, and will appear during the entire simula
in the same place it was defined graphically. Although a static resource is station
and does not visibly move between locations, it may be used at more than one l
tion or to move entities between locations.

Define a static resource:

1. Select Resources from the Build menu. This automatically brings up the 
Resources edit table and the Resource Graphics window, used together 
to define all resources in the model.

2. Choose a graphic icon for the resource from the Resource Graphics 
window. 

3. Select the Add button in the Resource Graphics window.

4. Click on the layout at the desired position of the resource graphic.

5. Add additional resource graphics for the same resource if desired. Every 
time a resource graphic is placed on the layout for the same resource in 
the edit table, a new resource point is created.

6. Supply any optional information about the resource, such as downtimes.

Static resources notes:

1. When defining the static resource specifications, the default for Resource Se
is Least Utilized. The default for Entity Search is Longest Waiting. You may o
specify Pick-up and Deposit Time in the Motion box.

2. There is not a status light for a static resource; however, a second and third 
graphic may be defined for use when the resource is busy or down, respecti
If no second and third graphic are defined, the resource graphic changes co
green when in use and red when down.

� How To
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7.4.4 Dynamic Resources

Dynamic resources are resources that move along an assigned path network an
transport entities between locations as a forklift would. They may also need to pro
entities at several locations, such as an operator performing tasks at more than 
location. For these reasons, it is usually preferable to model the resource's move
using a path network. Defined properly, the resource will travel along the path ne
work during the simulation run.

Create a dynamic resource:

1. Create a path network using the Path Network Editor.

2. Select Resources  from the Build  menu. This automatically brings up the 
Resources edit table and the Resource Graphics window, used together 
to define all resources in the model.

3. Choose a graphic icon for the resource from the Resource Graphics 
window.

4. Click the Specs...  button to open the Specifications Dialog.

5. Assign a path network to the resource.

6. If desired, place units of the resource on the layout by selecting the Add 
button in the Resource Graphics window and clicking on the layout. Every 
time you create and place a resource graphic on the layout for the same 
resource in the edit table, ProModel creates a new resource point. See 
Resource Points  on page 290 for more information.

7. Supply any optional information about the resource including number of 
units, downtimes, work and/or park searches, and node logic in the 
Resources edit table.

Dynamic resources notes: 

1. When defining the resource specifications, the default Resource Search for 
dynamic resources is Closest Resource. The default for Entity Search is Clo
Entity.

2. More than one resource can use the same path network.

� How To

� Note
268 ProModel User’s Guide 



 Section 7.4  Resources

7.
4.

5

rks 
pe. 
c, 

tions 

 
e 

es 
d to the 

n to 
es are 
ied in 
ken 
7.4.5 Crane Resources

With the crane envelope and node-location interfaces defined in the Path Netwo
module, you are ready to define one or more cranes to operate within the envelo
Cranes are defined in the Resources module where you specify the hoist graphi
speeds, downtimes, priorities, and logic.

Define a crane resource:

1. Open the Resources module from the Build menu.

2. Select a graphic for the hoist from the Resource Graphics window.

3. Enter a name for your crane in the Resources edit table.

4. Click on the Specs button in the edit table and set the path network to one 
of the previously defined crane networks. Set the other specifications.

Crane Specifications

The following paragraphs cover the specifications and other important considera
to take into account when defining a crane.

Crane Graphics    In the Resources module, the selected graphic represents the
hoist. Multiple graphics for the same hoist may be defined, edited and sized in th
same way you create multiple graphics for other resources.

Units & Multiple Cranes    Crane resources are limited to one unit. Multiple cran
operating in the same envelope are defined as separate resources, each assigne
same crane network. See Crane Operations  on page 7 of the ProModel Reference 
Guide for more information on multiple cranes.

Downtimes   Clock and Usage downtimes may be defined for cranes. In additio
these downtimes, you can assign cranes to shifts in the same way other resourc
assigned to shifts. When going down, cranes move to the downtime node specif
the DTs dialog. If there are no nodes associated with a downtime, the crane is ta
down at its current position.

� How To
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Specifications   Separate values must be entered for bridge and hoist motion 
parameters. Speed (Empty) , Speed (Full ), Accelerate and Decelerate  values 
must be entered for bridge movement along the rails and hoist movement along 
bridge. In each field, the format is Bridge Value, Hoist Value. Speed values must be 
entered. However, acceleration and deceleration values are optional; if they are 
blank, infinite acceleration and deceleration are assumed (Hint: this provides better 
run-time computational efficiency). Also note that acceleration and deceleration 
ues are always entered in feet per second per second (fpss)

Crane Searches   Define Work and Park searches in the same way you define 
searches for other resources. For more information, see Nodes, Work, and Park 
Searches  on page 15 of the ProModel Reference Guide.

Node Logic   Entry and exit logic for cranes at nodes may be defined in the sam
way node logic is defined for other resources.

Using the Crane & Crane Priorities

Enter statements defining crane usage in the Processing module in the operatio
move logic windows.

Cranes may be captured by priority just like any other resource. In addition, you 
also set move priorities so cranes assigned to the same envelope competing for
same zone may have priority over each other. In ProModel, the GET, JOINTLY G
and USE statements have an additional priority field to make the move priority 
assignment. For example, GET CRANE1, 100, 200 sets a capture priority of 100 
and a movement priority of 200. When the requestor is competing with other req
ors to capture the crane, it has a priority of 100. Once the crane is captured, it h
movement priority of 200 to compete with cranes in the same envelope.
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In move logic, you may define up to three priorities for cranes when using the MO
WITH statement: capturing the crane, moving the crane to pickup the entity, and 
ing the crane to deliver the entity. For example, the following statement moves th
entity with Crane1 with the following priorities set: a capture priority of 100, a pic
up priority of 200, and a delivery priority of 300.

MOVE WITH Crane1, 100, 200, 300

The default move priority for a crane is zero. In fact, all crane priorities are reset
zero after each move. For more information see Crane Priorities, Preemption & 
Bridge Bump-Away  on page 6 the ProModel Reference Guide.

Animation & Run-time Features

During a simulation run, entities picked up by a crane appear graphically on the e
spot of the hoist. The hoist graphic appears above the entity graphic, and the brid
the crane appears on top of the entity and hoist graphics.

7.4.6 Multiple Resource Graphics

ProModel allows you to define several different graphic icons for the same resou
For example, you may wish to change the color of a resource whenever it becom
unavailable due to an unscheduled downtime. Resource graphics for dynamic 
resources may be changed during a simulation by using the GRAPHIC statemen
Graphic  on page 160 of the ProModel Reference Guide) in either the node or down-
time logic. The GRAPHIC statement for static resources can only be used in 
downtime logic, however, any second and third graphics are automatically used w
static resources are busy or down, respectively. If no second and third graphics 
defined, the resource graphic turns green when in use and red when down.

Assign multiple graphics to a resource:

1. Select Resources from the Build menu.

2. Highlight the desired resource in the Resources edit table.

3. Uncheck the New box in the Resource Graphics window.

4. Click on the next blank resource graphic cell in the Resource Graphics 
window.

5. Select the desired resource icon.

6. Change the color, rotation, etc. of the new graphic by clicking on the Edit 
button. 

An example of a single resource with multiple graphics is given on the following 
page.
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Multiple Resource Graphics Example

This example shows a forklift with two opposite orientations. You may define as 
many graphics as needed for each resource.

When changing the graphic for a resource in downtime logic, or in the case of 
dynamic resources, node logic, the number after the word GRAPHIC refers to the
number in the Resource Graphics window as shown previously. For example the
statement GRAPHIC 2 would change the forklift to the icon in cell number 2. The
default graphic is the graphic in cell number 1 if none is specified. See Graphic  on 
page 160 of the ProModel Reference Guide for more information.

Uncheck the
New Box

Select the next blank
resource graphic cell

Select an icon for the resource

� Note
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7.4.7 Multi-Unit Resources vs. 
Multiple Single-Unit Resources

Multi-Unit Resources

When a resource is defined as having more than one unit, each resource unit is g
numeric suffix by which it is identified in the output report. For example, a resour
(Res1) which has five units will display output statistics for resources called Res
Res1.2, .... Individual units of a resource (e.g., GET Res1.1) cannot be requeste

Suppose you define a resource, Operator, which has ten units. You also have te
tions and each resource unit can interface only with one location. For example, R
can work only at Loc5. Since “USE Res1.5” is invalid, you would need to use mu
ple single-unit resources instead. 

Multi-unit resources are intended for use when several resources are defined wi
exact same specifications and any resource can be used at a number of location
example, a lathe can be operated by one of three operators. If you did not use m
unit resources, you would need to specify “USE Res1 OR Res2 OR Res3,” altho
this can easily be abbreviated by using a macro to represent the resource expre
When you define three units for a single resource, Res1, you can simply state “U
Res1” and one resource unit will be used based on its availability.

Multiple Single-Unit Resources

Multiple single-unit resources are useful when resources have different specificat
follow different path networks, or are used at specific locations. If several resourc
have the same specifications and travel the same path network but can only do w
or interface with specific locations, they must be defined as multiple single-unit 
resources. This is because a unit of a multi-unit resource must be able to interfa
with all locations where it is called to work. 

See also Resource Grouping  on page 446.
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7.4.8 Resource Downtimes

Resource downtimes refer to the times when a resource is unavailable due to sc
uled events like breaks and shift changes, or unscheduled events like illness and
random failures. For scheduled events, it is much easier and more straightforwa
define these downtimes using the shift editor (see Shifts & Breaks  on page 323). 
Unscheduled downtimes based on the elapsed time of the simulation clock or 
resource usage time are defined in the Resources edit table by clicking on the d
time heading button.

Define resource downtimes:

1. Select Resources from the Build menu.

2. Select the resource for which the downtime is to be defined.

3. Click the DTs... button from the Resources edit table.

4. Select the downtime basis: Clock or Usage .

5. Enter the required information in either the Clock Downtime or Usage 
Downtime edit table. Each of these tables is described in the following 
pages.

Unlike location downtimes, multiple resource downtimes occurring within the sam
time frame are processed sequentially, not concurrently. However, through the u
the DTDelay function, concurrent downtimes can be achieved for resources.

Clock-Based Downtime

Clock-based downtimes for resources are specified through the Clock Downtimes
table shown below. The fields of this table are defined as follows:

Frequency   The time between downtimes. This may be a constant time as show
above, a distribution, or an expression.

First Time   The time of the first downtime occurrence. Leave this field blank if th
first occurrence is to be determined from the frequency field.

Priority   The priority of the downtime (0-999). The default priority is 99, which is
the highest non-preemptive priority.
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Scheduled...   Select YES if the downtime is to be counted as a scheduled dow
time. Select NO if the downtime is to be counted as a non-scheduled downtime.
scheduled downtimes are deducted from the total hours scheduled in the statisti
calculations.)

List   A list of the individual units of the resource to be affected by the downtime
You may list individual units of the resource, specify ALL, or leave blank to affect
units.

• 1,2 Units 1 and 2 only
• 1-3,5 Units 1 through 3 and 5 only
• none You may use none to indicate that no unit will adopt this downtim

This is useful in creating a run-time interface. By using a macro 
represent the number of units, the user may select none as an 
option.

• Macro The name of a run-time interface macro that allows the user to 
define the units to be affected by the downtime.

Node   This field applies only to dynamic resources and defines the node to whi
the resource will travel to go down. If no node is entered, the resource stays at th
rent node. The actual downtime will not begin until the resource arrives at this no
Traveling to the downtime node is counted statistically as time traveling to park.

Logic...   Specific logic to be performed when the downtime begins, typically a 
WAIT statement. Resources may be used to service resources that are down if t
vicing resource is static, or if the servicing resource is dynamic and uses the sam
network. (See Appendix A Expressions & Statements  on page 259 of the ProModel 
Reference Guide for a list of statements valid in Resource Downtime logic.)

Disable   Select YES to disable a downtime without removing it from the table.

Usage-Based Downtime

A usage-based downtime is a downtime based on how long a resources has bee
such as how often a forklift needs to be refueled. Usage-based downtimes for 
resources are specified through the Usage Downtimes edit table shown below. A
time in use includes any time that a resource is moving with an entity or is being 
by an entity at a location. It also includes any time a resource is being used in do
time logic as a maintenance resource. The fields of this table are defined as follo
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Frequency   The time between downtimes, based on the usage time of a resour
This may be a time distribution as shown above, or an expression.

First Time   The time of the first downtime occurrence. Leave this field blank if th
first occurrence is to be determined from the frequency field.

Priority   The priority of the downtime (0-999). The default priority is 99, the highe
non-preemptive priority.

List   A list of the individual units of the resource to be affected by the downtime
You may list individual units of the resource, specify ALL, or leave blank to affect
units.

• 1,2 Units 1 and 2 only
• 1-3,5 Units 1 through 3 and 5 only
• none You may use none to indicate that no unit will adopt this downtim

This is useful in creating a run-time interface. By using a macro 
represent the number of units, the user may select none as an 
option.

• Macro The name of a run-time interface macro that allows the user to 
define the units to be affected by the downtime.

Node   This field applies only to dynamic resources and defines the node to whi
the resource will travel to go down. If no node is entered the resource stays at th
rent node. The actual downtime does not begin until the resource arrives at this 
Traveling to the downtime node is counted statistically as time traveling to park.

Logic...   Specific logic to be performed when the downtime begins, typically a 
WAIT statement. Resources may be used to service resources that are down if t
vicing resource is static, or if the servicing resource is dynamic and uses the sam
network. For a list of statements valid in Resource downtime logic, see Appendix A 
Expressions & Statements  on page 259 of the ProModel Reference Guide.

Disable   Select YES to disable a downtime without removing it from the table.

Usage-based downtimes do not accumulate. For example, if a downtime is preem
by an entity and another downtime is scheduled to occur while processing the en
only the first downtime resumes after processing the entity. All others are ignore
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7.4.9 Resource Priorities and Preemption

Priorities for resource requests may be assigned through a GET, JOINTLY GET,
USE statement in operation logic, downtime logic, or move logic (or the subrouti
called from these logics). Priorities for resource downtimes are assigned in the P
ity field of the Clock and Usage downtime edit tables. The following examples 
illustrate these points.

When an entity using a resource is preempted by either a downtime or another e
any processing time for the preempted entity due to a WAIT or USE statement is
interrupted until the preempting entity or downtime releases the resource. If an e
is using other resources in addition to the one preempted, the other resources re
in possession of the entity.

In the case of a resource downtime preempting another resource downtime, any
remaining time delay, as well as any other downtime logic remaining to be proce
by the preempted downtime, is immediately discontinued without resuming and 
preempting downtime takes over.

Resource priorities and preemption notes:

1. If a resource is transporting an entity, it cannot be preempted by another ent
by a downtime until it drops off the current entity at the destination location. 
Therefore, the resource will deliver the current entity and then immediately co
under control of the preempting entity or downtime.

2. If a resource is moving but does not possess an entity, the resource can be 
empted by a downtime or entity. The resource will stop at the next node in th
path network and travel to the downtime node after which the resource will g
down. A crane resource will try to stop at its current position unless there are
other bridges in the same envelope with conflicting claims of greater than or
equal move priorities.

Entity Location Operation (min)  Blk Output Destination Rule Move Logic
EntA Loc1 Use Res 1,200 For N(3,.1) 1 EntA Loc2 First 1 MOVE FOR 5

� Process Table                                         Routing Table
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7.4.10 Resource Shift Downtime Priorities

In ProModel, you define the shift downtime priorities in the Shift Assignments mo
ule. The priority for a resource to start a shift downtime and the priority required 
some other task to preempt the downtime must be set in the Shift Assignments 
module.

Although a resource may be in use during a shift downtime, the scheduled hours
the statistics will still reflect the hours scheduled to be on shift. For example, a 
resource goes off shift after eight hours. Due to an emergency, the resource is c
back two hours later to work on a machine that has gone down. The statistics wil
indicate that the scheduled hours for the resource are eight when the resource a
spent more than eight hours in use, because the resource was scheduled to wor
eight hours. The resource's total usage time, however, will indicate the additional
spent working on the downed machine.

7.4.11 Resource Preemption Matrix

The following Preemption Matrix shows the possibilities of entities and downtime
preempting each other in the use of a resource. “Current” refers to the entity or d
time in possession of the resource when the requesting entity or downtime attem
capture it. Downtimes below refer to clock and usage-based downtimes only.

Priority values are divided into ten levels (0 to 99, 100 to 199, ..., 900-999), with 
ues beyond 99 used for preempting entities or downtimes of a lower priority leve

• The upper left quadrant shows that if an entity tries to seize a resource cu
rently owned by another entity (or another resource’s downtime or a locati
downtime), the entity must have a priority at least one level higher than the
rent entity to preempt the resource.

• The lower left quadrant shows that a downtime must have a priority at least
level higher than the entity currently owning a resource if the resource is to
preempted.

To Preempt The 
Current Owner

To Preempt The
Current Downtime

Requesting Entity or 
Another Resource or 
Location’s Downtime

1 priority level higher 2 priority levels higher

Requesting Downtime 1 priority level higher 1 priority level higher
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• The upper right quadrant shows that an entity must have a priority at least
levels higher than the current downtime priority in order to preempt a down
resource.

• The lower right quadrant shows that a preempting downtime must have a p
ity at least one level higher than the current downtime to preempt it.

The following graphics demonstrate the previous explanations.

Example 1

Example 2
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DT #1
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Discontinue

DT 2 priority at least 1 level higher than DT 1 priority
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T1 T2 T3 T4
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Scheduled DT #2
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Time

DT 2 priority NOT at least 1 level higher than DT 1 priority

Actual DT #2

�����������������������������
�����������������������������
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Example 4

���������������������������
���������������������������

T1 T2 T3 T4

Entity

Scheduled DT

Non-preemptive DT vs. Entity

Time

DT priority NOT at least 1 level higher than entity priority

Actual

������������������������������
������������������������������

�������������������
�������������������

��������������������������������
��������������������������������

T1 T2 T3 T4

Entity

DT

Preemptive DT vs. Entity

Time

DT priority at least 1 level higher than entity priority

����������
����������
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Example 6

�������������������
�������������������

������������������������������
������������������������������

T1 T2 T3 T4

Ent 2

Ent 1

Preemptive Entity vs. Entity

Time

Ent 2 priority at least 1 level higher than Ent 1 priority

���������
���������

������������������
������������������

������������������������������
������������������������������

T1 T2 T3 T4

Entity

DT

Preemptive Entity vs. DT

Time

Entity priority at least 2 levels higher than DT priority

����������
����������
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7.4.12 Resource Specifications Dialog Box

The Specifications dialog box contains information for defining the operating cha
teristics of each resource in the system. Many of the items pertain only to dynam
resources (i.e., resources that have path networks). If the resource is static (i.e.,
not assigned to a path network) many of the options will be disabled. The Resou
Specifications dialog box includes the following fields:

Path Network   The name of the path network along which the resource travels.
This should be “none” for a static resource. 

Home    If a path network has been assigned, this is the name of the home node
which is the node where the resource is positioned at the beginning of the simula

To have resources start at other nodes in the network, define a Park Search from
home node which causes the resource unit or units to be positioned at the node
tified in the park search.

Return Home if Idle   If a path network has been assigned, check this box to ret
the resource to the home node when no other tasks are waiting to be performed a
park searches are defined.

Off Shift   If the resource is assigned to a path network and shift, this is the nod
which the resource travels to go off shift.

Break    If the resource is assigned to a path network and shift, this is the node to
which the resource travels to go on break.

� Note
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Resource Search   When an entity that needs a resource must select between 
eral available resource units, it follows this rule. This only applies to multi-unit 
resources. The following rules may be specified:

• Closest Resource

• Least Utilized Resource

• Longest Idle Resource

For a non-passing path network, only the Closest Resource rule is allowed since the 
other rules could cause the network to jam. Static resources only allow Least Utilized 
and Longest Idle rules since there is no traveling to be done.

Entity Search    When two or more entities of equal priority request a resource at
same time, the resource follows this rule to choose the one to service. The resou
first checks for any entities waiting at locations listed in a work search before def
ing to this rule, and if an exclusive work search has been defined, the default entity
search rule is not used. The following rules may be specified:

• Longest waiting entity  (with highest priority)

• Closest entity  (with highest priority)

• Entity with the minimum value of a specified attribute

• Entity with the maximum value of a specified attribute

Entities look for resources to move them after they capture a location. If several 
ties are waiting to be transported to one location by a resource, and you want th
entity with the minimum attribute value to arrive next at the location, you must use
Locations edit table to define the rule at the location for incoming entities as min
mum attribute value. The Closest entity rule applies to dynamic resources only.

If the path network that the dynamic resource is using is time-based, the closest 
is the entity with the least number of nodes from the resource. If the path networ
defined by speed and distance, the closest entity is the entity with the shortest dis
from the resource.

Motion    If a path network has been assigned, the motion fields define the speed
times required for basic resource movement and contain the following informatio

• Speed traveling empty/full *

• Acceleration rate *

• Deceleration rate *

• Pickup time

� Note

� Note
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• Deposit time

*For crane resources enter two values: bridge, hoist .

Resource specification notes:

1. The units to the side of these fields change automatically from feet to meters
vice-versa) depending on the default distance units selected in the General 
mation dialog box.

2. Pickup and deposit times for resources are included as transit time in the ou
statistics.

7.4.13 Resource Search Routines

Search routines refer to the instructions a dynamic resource will follow after bein
freed at a path node where a search routine was defined. Two types of search ro
may be specified.

Work Search    A list of locations where entities may be waiting for the resource. 
Work searches may be either exclusive or non-exclusive.

• Use exclusive work searches to limit the locations a resource may search 
work. An exclusive work search will cause the resource to search only the loca-
tions in the list. If no work is found at any of the listed locations, the resour
will either park at a node listed in its park search, go to its home node, or s
ply become idle until work is available at one of the locations in the exclus
work search list. 

• Use non-exclusive work searches to have a resource check for work at ce
locations first, and then move on to others. A non-exclusive work search w
cause the resource to search the listed locations first and then resort to th
default search rule listed in the Resource Search section of the Specificati
dialog box (e.g., oldest waiting entity, closest waiting entity).

Park Search    Park searches are typically used to get a resource off a main path
ment, or send the resource to the next most likely place work will become availab
park search is a list of nodes to which a resource may be sent to park if no work is 
waiting at either the work or default search locations. 

A lockup can occur in the model if you define a park search at the home node an
specify Return Home If Idle  in the Resource Specifications.

� Note

� Note
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Work Search Edit Table

Work searches are defined for dynamic resources through the Work Search edit
shown below. If several resources share the same path network, each resource 
have its own work search defined (i.e., resources cannot share work searches).

The fields of the Work Search edit table are defined as follows:

Node   The node for which the work search is defined.

Type   Exclusive or non-exclusive work search. See Resource Search Routines  on 
page 284 for an explanation of exclusive and non-exclusive work searches.

Location List   A list of locations to be searched for waiting entities when the 
resource becomes available.

In the edit table above, work searches have been defined at each location where
forklift delivers entities. The purpose of the work search in this example is to force
forklifts to give priority to entities waiting to be delivered to processing locations 
before taking an entity to a non-processing location. This helps to keep the proce
locations busy at all times. 
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Park Search Edit Table

Park searches are defined for dynamic resources through the Park Search edit t
shown next. If several resources share the same path network, each resource m
have its own park search defined (i.e., resources cannot share park searches).

The fields of the Park Search edit table are defined as follows:

Node   The node for which the park search is defined.

Parking Node List   A list of nodes to which a resource may be sent to park. The
resource will look for available capacity at the first node in the list (Node capacity
defined in the Path Networks edit table in the Nodes window). If there is no capa
at that node, the resource will look to the second node in the list and so on until a
with capacity is found. If no capacity is found at any node in the list, the resource
remain where it is until capacity becomes available at one of the nodes in the lis

In the table above, a park search has been defined for each of the internal path 
where a forklift might deliver an entity and then be in the way if it has nothing els
do. Specifically, if a forklift makes a delivery and then becomes available at node
it will park at node N4. From node N5 it will park at node N1, and from node N6 
will park at node N7. 
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7.4.14 Node Logic Editor

The Node Logic edit table is used to define special logic for a dynamic resource 
perform upon entering or exiting a node. Node logic may be defined for any dyna
resource at any node. Typical uses of node logic are:

• Changing a resource graphic using the GRAPHIC statement

• Controlling traffic using WAIT UNTIL statements

• Gathering special statistics on resource movement

The fields of the Node Logic edit table are defined as follows:

Node   The entry or departure node where the resource will process the logic.

Entry Logic   Logic to be executed when a resource enters the node.

Exit Logic   Logic to be executed when a resource leaves the node.

The table above was taken from the example contained on the following pages.
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Node Logic Example

Suppose that for safety considerations we desire to keep track of the number of 
that both forklifts simultaneously enter a particular zone of the network consistin
branches N2 to N3, N3 to N4, and N3 to N5. (It is thought that this zone may be
ticularly susceptible to accidents due to heavy traffic.) We could accomplish this 
using node logic at the entry and exit points of the zone.

The only way to enter or exit the zone is through nodes N2 and N5. To track the 
ber of forklifts currently in the zone, we increment and decrement a variable calle
Current. Each time a forklift leaves node N2 or N5 en-route to node N3 we increment 
variable Current. Each time a forklift enters node N2 or N5 enroute from N3 we dec-
rement variable Current. Finally, each time we increment the variable Current, w
check to see if Current > 1. If so, we increment a second variable called Total to
record an occurrence of both forklifts in the zone at the same time.
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The following windows show the entry and exit logic for node N2, representing o
entry to the zone. The node logic for node N5 is identical to that for node N2.

This example follows the rule that allows the LAST() function to be used only in 
Node Entry Logic, while the NEXT() function may be used only in Node Exit Log
(See Functions  on page 81 of the ProModel Reference Guide for details.)

� Note
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7.4.15 Resource Points

For a static resource, resource points are the layout coordinates of the resource
ics. For dynamic resources, resource points are auxiliary points where multiple 
resources may appear graphically when in use or parked at a multi-capacity nod
When a crane resource arrives at a node to perform a task, the hoist graphic ap
on the resource point if one is defined (this can be used to achieve a three dimen
effect). When a resource arrives at a node, it will appear on that node unless a 
resource point is defined for that resource at that node. The resource will appea
the resource point (except for cranes as mentioned above) when it arrives to par
perform a task at a particular node. Resource points prevent resources from app
on top of each other. In the case of dynamic resources, resource points are defin
terms of an offset from the node to which they are connected. Resource points a
defined in terms of an offset from the upper left corner of the layout for static 
resources.

The following Resource Points edit table shows that node N2 has two resource p
attached to it. The horizontal offset is 0 units for each point. The vertical offset is
units both up and down from the node position. (For resource points positive dista
are up and to the right.)

Whenever a forklift arrives or parks at node N2, it will automatically go to one of 
two resource points. This prevents the forklifts from graphically appearing on top
each other if they are both at node N2 simultaneously.

Resource
Point 1

Resource
Point  2
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Add resource points to a node:

1. Select Resources from the Build menu.

2. Click on the resource points heading button, Pts....

3. Click on the node for which a resource point is to be added.

4. Click on the layout where the resource point is to appear.

5. Repeat steps 3 and 4 for each resource point to be added.

Adding resource points notes:

1. Resource points are automatically added to the home node for each resourc
graphic placed on the layout.

2. Defining multiple resource points at the same node is redundant for cranes 
crane resources can only have a single unit.

Delete resource points:

1. Bring up the Resource Points edit table by clicking on the Pts... heading 
button in the Resources edit table.

2. Select the point to be deleted by highlighting the edit table record or click-
ing on the resource point in the layout. (If you click on the point to select it, 
you must then reactivate the Resource Points window by clicking on the 
title bar of the table.)

3. Select Delete from the Edit menu.

Move resource points:

1. Bring up the Resource Points edit table by clicking on the Pts... heading 
button from the Resources edit table.

2. Drag the resource point to a new location with the mouse.

� How To

� Note

� How To

� How To
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7.4.16 Resource Example

In some applications, it is necessary to transport a batch of parts with a resource
However, ProModel allows a resource to only have a capacity of one. To work aro
this, you can group the parts together and transport the grouped entity with a reso
The following model demonstrates how to transport a batch of parts with a resou

Suppose an Automatic Guided Vehicle (AGV) picks up, transports, and delivers b
of nuts and bolts to different locations. The nuts and bolts initially arrive at queue
Nut_Q and Bolt_Q, The boxes of nuts and bolts are loaded onto a pallet. A reso
AGV, transports the pallet with boxes of nuts and bolts to its destination. The nu
must be delivered to Stop1 after which they are processed at a machine, Mach_1
bolts must be delivered to Stop2 after which they are processed at a machine, 
Mach_2. After the pallet does not contain any more boxes, the AGV transports th
pallet back to the original location, Storage.

In the system being modeled, the AGV can carry up to three boxes. If all three b
are bolts, the AGV will pass Stop1 and stop and unload the bolts at Stop2. Likew
if all three parts are nuts, the AGV will stop at Stop1 and unload the nuts but will p
Stop2. 

For modeling purposes, we defined four entities:

Entity Description
NutBox A box of nuts
BoltBox A box of bolts
Pallet The entity on which the boxes of nuts and bolts are loaded
Box A combined entity consisting of boxes of nuts and bolts 
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Consider the following processing logic:

The logic loads three boxes of nuts and bolts onto a pallet. It uses the GROUPQ
function to check if there are any boxes of nuts on the pallet. If there are, it route
box to the location, Stop1. Once it arrives to the location Stop1, the boxes of nut
(NutBox) are unloaded. This is done with the UNLOAD statement. It only unload
the entities that are boxes of nuts (Unload 3 IFF Entity()=NutBox). The boxes of b
(BoltBox) remain in the box. We then check to see if the box contains any boxes
bolts. If it does not, the pallet is routed immediately to the original destination, St
age. If it contains boxes of bolts, it is routed to the location Stop2. This example 
called Resource.mod and is found in the PROMOD4\MODELS\REFS directory. 

Entity Location Operation (min)  Blk Output Destination Rule Move Logic
NutBox Nut_Q 1 NutBox Storage LOAD 1
BoltBox Bolt_Q 1 BoltBox Storage LOAD 1
Pallet Storage LOAD 3

IF GROUPQTY(NutBox)>0
THEN ROUTE 1
ELSE ROUTE 2

1

2

Box

Box

Stop1

Stop2

FIRST 1

FIRST 1

MOVE WITH AGV

MOVE WITH AGV

Box Stop1 UNLOAD 3 IFF
ENTITY()=NutBox
IF GROUPQTY(BoltBox)=0
THEN ROUTE 1
ELSE ROUTE 2

1

2

Pallet

Box

Storage

Stop2

FIRST 1

FIRST 1

MOVE WITH AGV

MOVE WITH AGV

NutBox Stop1 1 NutBox Mach_1 FIRST 1
NutBox Mach_1 WAIT 5 1 NutBox Exit FIRST 1
Box Stop2 UNLOAD 3 IFF

ENTITY()=BoltBox
1 Pallet Storage FIRST 1 MOVE WITH AGV

BoltBox Stop2 1 BoltBox Mach_2 FIRST 1
BoltBox Mach_2 WAIT 3 1 BoltBox Exit FIRST 1

� Process Table                                         Routing Table
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7.5 Processing
Processing defines the routing of entities through the system and the operations
take place at each location they enter. Once entities have entered the system, a
defined in the Arrivals table, processing specifies everything that happens to the
until they exit the system.

Processing is defined in the Processing Editor, which is accessed through the B
menu. This section first describes how to create simple processes, then explains
feature of the Processing Editor.

Create and edit process routings:

• Select Processing from the Build menu.

or...

• Right click on the existing process routing and select Edit .

� How To
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7.5.1 Using the Processing Editor

This discussion covers the procedures used to define operations and routings usi
Processing Editor. As with most other procedures in ProModel, they may be per
formed graphically using the mouse, or manually by typing the information directl
the edit tables.

Before you begin to specify the processing logic, define all locations and entities 
referenced in the processing. This is done through the Location and Entity Edito
you reference a location or an entity that has not yet been defined in a location o
entity field, you will be prompted to add that location or entity to the respective lo
tion or entity list. However, no graphic gets automatically assigned to the location
entity.

The easiest way to define the processing logic is to define the routing or flow 
sequence using the tools in the Processing Tools window, which appears in the 
left corner of the Processing Editor. These tools have been designed to allow yo
easily and rapidly define the flow of entities through the system. It is also a good 
to define the routing rule for each routing as it is created. Once you have defined
from-to relationships between locations for each entity, fill in the details of the op
tion and move logic for each location. This is typically done by typing the logic in 
operation or move logic column manually or by using the Logic Builder, documen
at the end of this section.

Defining processes graphically in ProModel requires interaction with all four proc
editing windows.

• Process Edit Table

• Routing Edit Table

• Tools Window

• Layout Window

Before discussing the procedures for using these windows interactively, let us lo
briefly at a process flowchart of a simple model.

Example Model

Two entity types, EntA and EntB, arrive at Locations 1A and 1B, respectively, acc
ing to some specified arrival logic. After a short preparation time, both entities ar
routed to Location 2 where 1 EntB is joined to 1 EntA. At this point the resulting 
entity, EntC, is sent to Location 3 for consolidation. Twelve EntC's are accumulate
Location 3 and processed together for 3.0 minutes. Then they exit the system.
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In the flowchart above, each block represents a process record for an entity at a
tion. The lower left portion of a block specifies the operation(s) performed on the
entity at the location. The lower right portion of the block represents the number 
entities output to the next location.

7.5.2 Defining Entity Processing

Define entity processing graphically:

1. Select an entity from the entity list in the Tools window. The selected entity 
will appear in the edit field at the top of the list—this entity will come into 
the location, it is not the entity that results from the process.

2. Select the desired editing mode: New Process or Add Routing.

3. Click on the first location where the entity will process. A rubber-banding 
routing line appears. If you select Add Routing, the rubber-banding rout-
ing arrow automatically appears from the current location.

4. To choose a different entity as the output entity, select the desired output 
entity in the tools window. 

5. Click the destination location.

Process Flow Chart

EntA

EntB Exit

Arrival
Logic

Processing
Logic

EntA @ Loc1A
EntA

EntB @ Loc1B
EntB

1

1

EntA @ Loc2
1

EntC @ Loc3
1Join 1 Accum 12

3.0 minN(3.4,.2)

EntC

1.0 min

1.0 min

� How To
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In the example below, we first clicked on Loc1A and then on Loc2. The records in
Process and Routing edit tables were entered automatically.

6. Repeat this process until the flow of entities has been completely defined 
except for exiting the system.

7. From the final processing location route an entity to Exit by clicking on the 
“Route to Exit” button in the Tools window.

8. Once all routings have been defined, enter the processing logic in the 
operation field of the Process edit table.
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The figure above shows the completed routings for the example model. Note tha
operations (For example, Join 1 EntB) have been entered manually in the opera
column. These operations could also have been entered by way of the Statemen
Expression Builder, documented at the end of this section.
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7.5.3 Processing Editor

The Processing Editor consists of four windows that appear simultaneously, as s
in the following diagram. Although the windows are shown in their default arrang
ment, you may arrange them as desired.

Process Edit Table    Appears in the upper left corner of the workspace and defin
the operations performed for all entities at all locations.

Routing Edit Table   Appears in the upper right corner of the workspace and co
trols the destination of entities that have finished at the location.

Tools Window    Appears in the lower left corner of the workspace and is used fo
graphically defining operations and routings.

Layout Window    Appears in the lower right corner of the workspace and shows
each location with all from-to routings.
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7.5.4 Process Edit Table

The Process edit table is used to create operation logic for each entity type at ea
location in the system. Processes for entities at locations may be in any order in
edit table, but for the sake of organization you should group them by entity type 
location. The only time the order of processes is significant is when the same en
routed multiple times through the same location, in which case, later processes 
appear somewhere after earlier processes. When searching for the next process
Model always searches forward in the process list first, and then starts from the 
beginning of the list. 

An explanation of each field of the Process edit table is contained on the followin
pages.

Entity    The entity type for which the process is defined. If all entities at the sam
location undergo the same operation or have the same routing, the reserved word
may be entered in this field. (See discussion on ALL later in this section.) If an en
not previously defined is entered in this field, ProModel will ask if it should create 
new entity type.

Click on the heading button to bring up the Entities selection box. If this is a pree
tion process record, check the box (see Preemption Process Logic  on page 501). Then 
double-click on an entity to automatically place it in the table. You can also click 
an entity name and select OK to place it in the table.

Heading Buttons

Current Entity, Location, and Operation are highlighted.
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The entity list box defaults to the current field entity, the last entity selected, or th
first entity defined. 

Location    The location where the process occurs.

Click on the heading button to bring up the Locations selection box from which y
may choose a location.

The location list box defaults to the current location, the last location selected, or
first location defined. 

Specifying ALL in the Location field and omitting any routing defines a process f
an entity at all locations previously specified as routing destinations for the entity
Because there is no routing, after the entity finishes that process, ProModel will 
search ahead in the Process edit table for a process for the entity specific to the 
location. The keyword ALL in the Location field is particularly useful when entitie
route to different locations having the same operations and then route to a comm
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destination. In most other instances, it is recommended that a subroutine or mac
used to define identical operations.

Operation    Operation logic is optional, but typically contains at least a WAIT sta
ment for the amount of time the entity should spend at the location. If the entity n
a resource to process or to be combined in some way with other entities, that wou
specified here as well. In fact, anything that needs to happen to the entity at the 
tion should be specified here, except for any information specified in the entity's 
routing.

Statements can be typed directly into the operation field, or inside a larger logic 
dow after double clicking in the field or clicking on the Operation button. 
Alternatively, the Logic Builder can help build logic and is accessed by clicking th
right mouse button inside the operation field or logic window. All of the statemen
functions, and distributions available in the operation field are discussed in detai
including examples, in the ProModel Reference Guide. 

Each entity performs the operation steps defined for it at a particular location, ind
pendent of other operations performed on other entities at the same location.

For more information on using operation logic, see Operation Logic  on page 499.

Using the “ALL” Entity Type

The reserved word ALL may be entered as the processing entity if all entity type
that location have the same operation. ALL may also be used in the output field o
routing if all entity types at that location have the same routing. If a process recor
a location using ALL as the entity follows several process records for the same l
tion using specific entity names, and each process record has a defined routing,
ALL process is interpreted to mean ALL of the rest of the entities. The following 
examples show how ALL may be used in different situations.
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1. All entities have a common operation and a common routing.

To define a common operation and routing for all entity types at a location, simp
enter ALL for both the process entity name and the output entity name.

In the following example three entity types, EntA, EntB, and EntC, are all sent to
test station for testing. The test time is .5 minutes and then the entities move on 
packaging station. Though this is a simple example, it shows how one process a
routing record is used for all entity types. In contrast, the previous operations at L
Loc2, and Loc3 require separate process and routing records for EntA, EntB, an
EntC.

2. All entities have common operations but individual routings.

To define common operations but individual routings, use ALL as the process en
and define the common process, but do not define any routings. Then define ind
ual processes for each entity type at the common location, with a blank operation
and the desired routing.

If only the destination is different, but move times and output quantities are ident
an alternative method is to assign each entity an attribute that corresponds to the
nation's name-index number and then route with the LOC() function as shown in
following example.

Entity Location Operation (min)  Blk Output Destination Rule Move Logic
EntA Loc1 WAIT N(5,.3) 1 EntA Test FIRST 1 MOVE FOR 1
EntB Loc2 WAIT U(3,.2) 1 EntB Test FIRST 1 MOVE FOR 1
EntC Loc3 WAIT T(3,5,9) 1 EntC Test FIRST 1 MOVE FOR 1
ALL Test WAIT .5 1 ALL Packaging FIRST 1 MOVE FOR 1

Entity Location Operation (min)  Blk Output Destination Rule Move Logic
ALL Test WAIT .5
EntA Test 1 EntA Pack1 FIRST 1 MOVE FOR 1
EntB Test 1 EntB Pack2 FIRST 1 MOVE FOR 1
EntC Test 1 EntC Pack3 FIRST 1 MOVE FOR 1

Entity Location Operation (min)  Blk Output Destination Rule Move Logic
ALL Test WAIT .5 1 ALL Loc(Att1) FIRST 1 MOVE FOR 1

� Process Table                                         Routing Table

� Process Table                                         Routing Table

� Process Table                                         Routing Table
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3. All entities have a common routing but individual operations.

To define individual operations along with a common routing for all entity types a
location, define operations for each entity, but do not define any routings. Then d
a process record for ALL at this location and define the common routing for all en
types.

Alternatively, you can assign an attribute to each entity, representing the process
time or some other entity-specific parameter. Then use the attribute as the proce
time, or call a subroutine and pass the attribute as a parameter for entity-specific
processing.

In the following example, the test time for each entity type is different. This time 
stored in an attribute, Oper_Time. The attribute is then listed on a line in the oper
logic with a WAIT statement to signify an operation time. Once the test time for e
entity is completed, the entities are all routed to a packaging location.

7.5.5 Routing Edit Table

The Routing edit table defines the outputs for each process record defined in the
cess edit table. The Routing edit table is really just a sub-table to the Process edi
(i.e., all routings that appear in the routing edit table apply to the currently highligh
process), though the two tables appear side by side. Not all process records need to 
have a corresponding routing. If the routing is omitted, ProModel will search forward
in the Process edit table for another process for that entity at that location. So an
entity's complete processing at a location could be broken into several records. I
case, only the last process would have a routing. If no routing is defined for at le
one of the process records for a given entity and location, an error occurs.

Another situation that does not require routing is when an entity changes its nam
location after a RENAME AS or SPLIT AS statement. Any time during processin
logic that an entity changes its name, ProModel searches forward in the Process

Entity Location Operation (min)  Blk Output Destination Rule Move Logic
EntA Loc1 WAIT .4
EntB Loc1 WAIT .5
EntC Loc1 WAIT .6
ALL Loc1 1 ALL Packaging FIRST 1 MOVE FOR 1

Entity Location Operation (min)  Blk Output Destination Rule Move Logic
ALL Test WAIT Oper_Time 1 ALL Packaging FIRST 1 MOVE FOR 1

� Process Table                                         Routing Table

� Process Table                                         Routing Table
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edit table until it finds a process for the new name at the same location. For exam
if the identity of an entity is changed through a RENAME AS statement in the op
tion logic, then no routing block will apply to the old entity. Instead, the newly nam
entity will be routed by the process for the new name. (See Rename  on page 209 of 
the ProModel Reference Guide).

The fields of the Routing edit table are as follows:

Blk    This field contains the block number for the current routing block. A routing
block consists of one or more alternative routings from which one is selected bas
the block rule (e.g., a list of routings where one is selected based on the most ava
capacity). Since all of the routings using the same rule are part of the same block
the first line of each routing block contains a route block number. If no routing blo
have been referenced explicitly in the operation logic (for example “ROUTE n”), all 
routing blocks will be executed in sequence upon completion of the operation log
See Route  on page 221 of the ProModel Reference Guide. Multiple routing blocks 
are processed sequentially with the next block being processed when all of the en
in the previous block have begun executing any move logic defined. To change t
routing block number or add a new routing block, see the discussion on the Rou
Rule dialog box later in this section.

The following example shows a process record with two separate routing blocks. 
that both routings will execute upon completion of the operation time because no
ROUTE statement has been specified. One EntB gets routed to Loc2 and one E
gets routed to Loc3. 

Output    If a routing is defined, the name of the entity resulting from the operatio
must be entered here. This name may be the same as the entity that entered, an
name, or even several names, each on a different line. 

Using another name works much like a RENAME AS statement, except that the e
is routed according to the routing block instead of being processed further at the 

Entity Location Operation (min)  Blk Output Destination Rule Move Logic
EntA Loc1 WAIT N(5,.3) 1

2
EntB
EntC

Loc2
Loc3

FIRST 1
FIRST 1

MOVE FOR 1
MOVE FOR 2

� Process Table                                         Routing Table
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location. Using several names on different lines is similar to having a SPLIT AS s
ment in conjunction with a RENAME AS statement. The difference is that multipl
routing blocks are processed sequentially while split entities get processed 
concurrently.

If the reserved word ALL was used as the incoming entity type for this process, it 
also be entered here. Otherwise, every entity entering the location will change to
specified output entity. (See the discussion on using ALL in the Entities section.)

The entity list box defaults to the current field entity, the last entity selected, or th
first entity defined.

To better anticipate the entity entry that is likely to be made, the entity highlighte
the list box defaults, in order, first to the current field entity, if any, then to the las
entity selected, if any, and finally to the first entity defined. 

The example below shows how an incoming entity, EntA, changes identity and 
becomes an EntB upon exiting location Loc1. This is done by simply specifying t
new entity name as the output entity.

Destination    This is the location to which entities move after the operation is co
plete. Optionally, the destination may be followed by a comma and a routing prio
If no priority is specified, the default is zero. 

The location name may be typed directly in the field, or selected by either clickin
the field and then on the heading button, or double clicking in the field. The resu
dialog box looks like this:

Entity Location Operation (min)  Blk Output Destination Rule Move Logic
EntA Loc1 WAIT T(2,5,8) 1 EntB Loc2 FIRST MOVE FOR 1

� Process Table                                         Routing Table
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Instead of entering a location name, you may use the LOC() function which retur
the location name corresponding to the index designated by an expression. For 
ple, LOC(5) routes to the fifth location defined or the fifth record in the location e
table. You can also specify variable destinations such as LOC(Att4). However, th
LOC() function may not be used in conjunction with the BY TURN, UNTIL FULL
CONTINUE, and IF EMPTY routings. (See Loc()  on page 180 of the ProModel Ref-
erence Guide for more information.)

Rule    This field defines the rule for selecting the route destination. An output qu
tity may also be specified as part of the rule. This quantity works much life the SP
AS statement. (See the following discussion on the Routing Rule dialog box.) To o
the Routing Rule Dialog box, double click in the field or click in the field and then
the heading button. 

Move Logic    The Move Logic window allows you to define the method of move-
ment as well as any other logic to be executed between the time the next locatio
claimed for routing to the time the entity arrives, but not yet enters, the next loca
To open the Move Logic window, double click in the field or click the heading butt
This window allows you to manually edit the logic or click on the Build button to u
the Logic Builder. It also provides other convenient buttons for editing and printin
the move logic. For single move statements it is easiest to right click in the move 
to open the Logic Builder. If left blank, it is assumed that no time, resources, or p
networks are needed to make the move. (See Routing Move Logic  on page 310.)
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Routing Rule Dialog Box

The Routing Rule dialog box provides methods for selecting an entity's destinati
after finishing a process. The Rule heading button in the Routing edit table, bring
the Routing Rule dialog box. The fields of this dialog box are defined in the follow
example.

Start new block   Check this box to signal the beginning of a new routing block.
Checking this box will place a number in the Blk field for that record.

New Entity Check Box  In order to let you designate whether a routing block 
applies to the main entity or if you wish to create a new entity, ProModel include
New Entity check box in the routing rule dialog. By default, ProModel does not ch
the first routing block for a process record but does check subsequent blocks un
they share the same input and output name. If you check the New Entity box, an
isk (*) appears after the block number in the block column of the routing table.

If you check the new entity box, the entity using the routing block will begin routin
with new cost and time statistics. If the new entity box remains unchecked, ProModel 
assumes the entity routing from this block is a main entity (the parent entity), carr
with it all cost and time statistics.

If the new entity field remains unchecked and you enter a quantity field value gre
than 1, ProModel behaves just as it does with a SPLIT AS statement, dividing the
statistics between the split members and resetting all time statistics to zero.

A run-time error occurs if you fail to route one (and only one) main entity for a pr
cess. If no routing block executes for the main entity, a “No routing defined for m
entity” error occurs. If more than one route block executes for the main entity, a 
“Main entity already routed” error occurs. 

�Note
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Quantity   The number of entities resulting from this routing block. The default is
one. Several entities of the same name can be created from a single entity, much
SPLIT AS statement, by entering a number greater than one. Each of the new e
then processes the routing block one entity at a time. For example, suppose an 
called bar_stock enters a location and is cut into 10 smaller segments, called ba
production. Enter 10 as the quantity and bar as the output entity, as in the exam
below. Only the first line in a routing block can specify a quantity. 

Routing Rules   Choose the rule for selecting the next location. Only one rule m
be chosen for each routing line. Note that the last three routing rules, alternate, 
backup and dependent, may not be chosen as the start of a new routing block. N
also that no more than one of the other rules can appear in a single block (e.g., 
cannot mix a First Available rule and a Most Available rule in the same block).

For exact syntax and examples of each routing rule, see Routing Rules  on page 91 of 
the ProModel Reference Guide.

Routing Move Logic

The Move Logic window allows you to define the method of movement as well as
other logic to be executed prior to or after the move actually takes place.

Once the route condition or rule has been satisfied for allowing an entity to route
particular location, the move logic is immediately executed. The entity does not a
ally leave the current location until a move related statement (MOVE FOR, MOV
ON, MOVE WITH) is executed or the move logic is completed, whichever happe
first. This allows the entity to get one or more resources, wait additional time, or 
until a condition is satisfied before actually leaving the location.

Any statements encountered in the move logic after the move related statement 
executed after the move is complete but before the entity actually enters the nex
tion. This is often useful for freeing multiple resources that may have been used
transport the entity.

When defining exit logic, such as incrementing a variable used to track the numb
exits from a location, it can generally go before the move statement unless a MO
WITH statement is used and the entity must capture the resource before making
move. In this situation a GET statement should be specified first to get the resou
Then the exit logic may be specified followed by the MOVE WITH statement.

Any delay occurring as a result of move logic is reported as part of the entity’s m
time. For more information see Routing Move Logic  on page 505.

Entity Location Operation (min)  Blk Output Destination Rule Move Logic
bar_stock Loc1 WAIT T(2,5,8) 1 bar Loc2 FIRST 10 MOVE FOR 1

� Process Table                                      Routing Table
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7.5.6 Processing Tools

The Tools window provides graphical aids that may be used to define processing
records and routing records. It is also used to define the graphical paths that ent
follow when moving without a path network between locations.

The Tools window, which appears along with the other Processing windows, can
define processing in one of two modes, New Process or Add Routing. Each is 
explained next. Additionally, Find Process Mode is available. To select a mode, c
on the desired button. Each of the modes is described on the next page.

In addition to option buttons (New Process, Add Routing, or Find Process) for th
process editing mode, the Tools window contains a list of defined entities as wel
the reserved word ALL to represent all entity types. The entity in Processing Too
applies to either the process or routing entity, depending on what is currently bei
defined.

Editing Mode

Current Entity

Routing Options
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New Process Mode

New Process Mode is used to create a new process record. A new process is au
ically created for the selected entity each time you click on a location.

This mode should be used if you want to create a process for a particular entity 
location. You may even create multiple processes for the same entity and locatio
you want to re-route an entity through the same location more than once for addit
operations. Once a new process is created, the mode automatically changes to 
Routing mode to enable a routing to be defined for the process.

Define a new process using the Tools window:

1. Depress the New Process button.

2. Select the entity for which a new process is to be defined from the Tools 
window.

3. Click on the location where the entity will be processed in the layout win-
dow. A new process record is created in the edit table. The mode is 
automatically switched to Add Routing mode and a rubber banding line 
appears that connects the mouse pointer to the location.

4. If a different entity is to be output from the process, select it from the Tools 
window.

5. Click on the destination location. A new routing record appears in the edit 
table and the mode switches back to New Process mode.

Delete a process or routing record:

1. Click inside the desired record in the Process or Routing edit table.

2. Select Delete from the Edit menu.

Editing a Routing Path

Once a routing path has been defined you may edit the path (regardless of the c
mode) by clicking anywhere on the routing path. This selects the path, and allows
to change the source or destination of the routing by dragging the beginning or e
the path to a new location. It also allows you to move any intermediate joint in th
path to change the shape. You may also click on a path with the right mouse butt
create or delete a joint.

If a process is already defined and a location is moved while in the Location mod
the connecting leg of any routing lines will also move. 

� How To

� How To
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Add Routing Mode

Add Routing Mode is used to create multiple routings for a single process record
Suppose an entity, EntA, can travel to one of three locations depending on which
available first. Selecting the New Process mode and then defining the entity proc
causes the entity to travel from one location to another location. Selecting Add R
ing mode afterwards allows you to define a different destination location within th
same routing block.

Add additional routings to an existing routing block:

1. Select the process record in the Process edit table that needs an addi-
tional routing line (you may use the Find Process button to locate the 
process record).

2. If you wish to insert the routing record rather than simply append the 
record to the current routing list, highlight the routing record where the 
routing is to be inserted and choose Insert from the Edit menu.

3. Select the Add Routing button from the Tools window. A rubber-banding 
line is created.

4. Select the entity in the Tools window to be output in this routing.

5. Click on the desired destination location. This creates a new routing 
record in the Routing edit table

To cancel a routing once a rubber-banding line appears, click on the New Proces
ton or click on the originating location.

Route a current entity to exit:

1. Click the Add Routing button.

2. From the Tools window, select the entity for which you want to define a 
new process.

3. Click the Locations button in the process record dialog and select the 
location from which the entity will exit the system. ProModel creates a 
new process record in the edit table and displays a rubber banding line 
from the selected location.

4. Add joints as needed to define the exit path.

5. Click the Route to Exit button in the tools dialog. 

� How To

� Note

� How To
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Find Process Mode

To find a previously created process for an entity type at a certain location, use F
Process mode.

Find a process for an entity at a location:

1. Click on the Find Process button.

2. Click on the desired entity type.

3. Click on the desired location. The first process found for that entity type at 
the location will be highlighted in the Edit window.

This option always searches forward in the process list. By clearing the entity fie
the tools window, the next process for any entity at the location selected is found
multiple process records exist for the same entity and location, the edit table ind
forward to the next process record each time you click on the location. 

View Routing

The View Routing button in the Processing Tools window causes the process rec
currently highlighted in the edit table to become centered on the layout.

Snap Lines to Border

When you check this option, ProModel snaps the routing lines to the location’s 
bounding area rather than a specific position on the graphic.

Show Only Current Entity

When you highlight an entity in the list box, checking this option will show only tho
routings associated with the entity.

� How To
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7.6 Arrivals
Any time new entities are introduced into the system, it is called an arrival. An arr
record is defined by specifying the following information:

• Number of new entities per arrival

• Frequency of the arrivals

• Location of the arrival

• Time of the first arrival

• Total occurrences of the arrival

Any quantity of any entity type can be defined as an arrival for a location. The fre
quency of arrivals can be defined as either a distribution or as an arrival pattern w
cyclically repeats over time.

Edit Arrivals

• Select Arrivals from the Build menu.
� How To
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7.6.1 Arrivals Editor

The Arrivals Editor consists of three windows that appear on the screen together
Arrivals edit table contains the specifications of each arrival to the system and ap
across the top of the screen. The Tools window contains tools for defining arriva
graphically and appears at the bottom left corner of the screen. The Layout wind
appears in the lower right corner of the workspace.
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7.6.2 Arrivals Edit Table

The Arrivals edit table lists all scheduled entity arrivals to the system. The variou
fields are explained below.

Entity    The name of the arriving entity.

Location    The name of the location where the entity is to arrive.

Qty each...   The number (1 to 999999) of entities to arrive at each arrival time in
val. Any valid expression may be entered here except for attributes and non-gen
system functions. This field is evaluated throughout the simulation run and will 
change if the result of the expression changes.

To fill a location to capacity at every arrival time, use the keyword INFINITE, abb
viated INF.

If you have previously created an arrival cycle and want to use it for this arrival, e
the name of the arrival cycle followed optionally by a quantity. You may also click
the Qty each... heading button to select from the list of defined cycles. See the se
on Arrival Cycles for more information about defining cycles.

First Time    This option allows you to dynamically vary the time of the first arrival 
your model. You may define scheduled arrivals to occur at given intervals (e.g., 
appointments) or use an arrival cycle to define random arrivals over a period of t
(this value is the start time for the first cycle). ProModel evaluates this field only at
beginning of the simulation.

Occurrences    The number of times per simulation run that ProModel will genera
arrivals (1 - 999999). Entering the reserved word INFINITE (abbreviated INF) wil
cause ProModel to send the specified number of arrivals at every arrival time wit
limit. This value may be any expression and is evaluated only at the beginning o
simulation. If an arrival cycle is used, this is the number of times to repeat the cy

Frequency    The inter-arrival time or time between arrivals. Any valid expression
may be entered here except for attributes and non-general system functions. If a
arrival cycle was entered for the arrival quantity, this is the time between the star
each cycle. This field is evaluated throughout the simulation run and will change i
result of the expression changes.
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Logic    This field defines any optional arrival logic, consisting of one or more gene
statements, to be executed by each entity upon its arrival (e.g., assigning attribu
ues to entities as they arrive). Double click inside this field or click the logic butto
the top of the column to define logic for an arrival.

Disable    Set this field to YES or NO if you want to temporarily disable this arriva
without deleting it. This is useful when debugging a model and for verification pu
poses where you want to follow a single entity through the system.

Arrivals edit table notes:

1. When several different entity types are scheduled to arrive at a location simu
neously, they will arrive in the order they are listed in the Arrivals table. To ha
them alternate their arrivals, enter a 1 in the “Qty each” field and the total en
quantity in the “Occurrences” field.

2. Arrivals defined through an external arrival file will be appended to the arriva
list. Therefore, if an external arrival file is the only source of arrivals, the Arriv
edit table may be left blank. See the section on External Files for more inform
tion on arrival files.

3. If the capacity of the location is insufficient to hold all the arriving entities, the
excess entities are destroyed. Therefore, the arrival location should have a c
ity at least equal to the “Qty each” in the Arrivals edit table. If more entities a
scheduled into the system than are exiting, the arrival location may not have
enough capacity to handle all the arrivals. 

� Note
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7.6.3 Defining Entity Arrivals

Arrivals may be defined graphically by using the tools in the Tools window, or by 
manually entering the arrival information directly in the Arrivals edit table.

Define arrivals graphically:

1. Select Arrivals from the Build menu.

2. Select the desired entity from the Tools window.

3. Click in the layout window at the location where the entity is to arrive. (You 
may need to scroll through the layout to bring the desired location into 
view.)

4. Enter the specifications for the arrival record (e.g., arrival quantity, fre-
quency, etc.).

Define arrivals manually:

1. Select Arrivals from the Build menu.

2. Enter the Entity, Location, and Quantity through either the keyboard or by 
clicking on the respective heading buttons and choosing the proper 
information. 

3. Enter the First Time, Occurrences, and Frequency through either the key-
board or by clicking the right mouse button inside the desired field and 
using the statement builder. 

4. Click on the Logic or Notes heading button to enter desired logic or 
notes.

� How To

� How To
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7.6.4 Independent Arrivals

An independent arrival is any arrival assigned to occur at a specific time or at a f
interval. Independent arrivals include such things as order entries and pickup an
delivery times. When defining independent arrivals, remember that simulation ca
model only predefined arrival schedules. This means that dynamically scheduled 
arrivals must take place where you define the arrival schedule.

When defining independent arrivals, you may:

• Define them by elapsed time, day and time, or calendar date.

• Assign them to occur at fixed intervals (e.g., trucks arriving every three ho

When you define independent arrivals as intervals, the next arrival time is indepe
dent of the previous arrival. For example, trucks will arrive at the loading dock ba
on the clock time—not the time elapsed since the last arrival.

• Allow a positive or negative offset to adjust the scheduled time of arrival (e
trucks must arrive at the loading dock at least ten minutes early).

• Define a distribution to allow variability from the adjusted arrival time.

• Allow the possibility that an entity will not arrive at all.

• Define specific arrivals for certain resources or resource types.

Define independent arrivals:

1. Open the Arrivals  module from the Build  menu.

2. Click on the Entity  button and select the entity type you want to schedule 
(e.g., truck, client, or shipment).

3. Click on the Location  button and select the location where you want the 
independent arrival to appear (e.g., specific bay of a loading dock).

4. Click on the Qty Each  button and enter the number of entities to arrive at 
the scheduled time. To model no shows, enter the expression “Rand(1) + 
<probability of showing>.” For example, if only 90% of scheduled deliver-
ies show up, enter “Rand(1) + .9.”

�Note

� How To
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5. Click on the First Time  button to open the dialog used to define the inde-
pendent arrival time for the entity. If you define a block of identical 
deliveries arriving at equal intervals, this is the time of the first delivery in 
the block. (You may enter the arrival time by elapsed time—since the start 
of the simulation—by a weekday and time, or by calendar date.)

The arrival time must match the time units selected for the simulation run-length
you defined the elapsed time by calendar date, you must also define the simulat
length by calendar date. To edit arrival times, select either day and time or calen
date and click the Edit Arrival Time button.

6. In the offset field, enter any offset you wish to apply to the arrival time. 
This will direct incoming deliveries to arrive earlier (or later) than sched-
uled. For example, if a delivery at a loading dock is to arrive 10 minutes 
prior to the scheduled delivery time, enter “-10.”

�Note

{

Appointment 

Offset (-10)

 

Time

9:50 AM 10:00 AM

Arrival 
Time
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7. In the variation and offset fields of the First time dialog, enter any optional 
distribution to define the variation from the adjusted arrival time. Gener-
ally, to prevent the arrival from being unrealistically late, you should use a 
doubly-bound distribution (i.e., uniform, normal, triangular, or beta). The 
triangular and beta distributions provide the most realistic variation. 

8. In the Occurrences field of the arrivals edit table, enter the number of 
times to repeat this delivery definition. (Enter 1 if it will occur only once.)

9. If the number of occurrences you entered is greater than zero, enter a 
time interval in the frequency field. ProModel assumes this interval to be 
fixed for each occurrence (if you enter an expression, ProModel evaluates 
it only once and applies it to each occurrence). The distribution defined in 
the variation field of the First Arrival dialog applies to each occurrence.

10. In the Logic field of the arrivals edit table, enter any attribute assignments 
you will use to determine the processing of the entity. This might include 
the resource or entity type (e.g., order number or shipment tracking) and it 
will be helpful if you define these attributes beforehand.

Variation

Appointment 
Time

Arrival 
Time

9:50 AM 10:00 AM
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7.7 Shifts & Breaks

7.7.1 Shift Definition

Weekly shifts and breaks for locations and resources are defined using the Shift e
and may start and end at any minute of the day. Shifts and breaks are defined b
selecting blocks on a grid divided into days and hours. Once a weekly shift and b
schedule has been defined, it may be saved in a shift file, with an SFT extension

Define a shift:

1. Select Shifts from the Build menu.

2. Select Define  from the submenu.

� How To
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Shift Editor

The Shift editor window consists of a menu bar, Shift and Break mode buttons, t
control buttons, and a grid representing one week of time.

The remainder of this section describes the Shift Editor menus and the following
procedures:

• Drawing a Block of Time for a Shift or Break
• Selecting a Block
• Resizing a Block
• Editing the Begin or End Time
• Deleting a Block
• Duplicating a Specific Day’s Shift
• Customizing Shift and Break Colors

Shift Editor Menus

The menus used in the Shift editor are accessible from the menu bar at the top o
editor and include the following:

File   For opening and saving shift files.

Edit   For deleting unwanted shift and break blocks. You may also delete or dupli
a specific day of the shift. If you delete a shift, the shift as well as the breaks in t
shift are deleted.

Options   For customizing the colors representing shifts and breaks.
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Drawing a Shift or Break Block

When drawing a shift or break block, you must be sure to follow these rules:

• Shift blocks may not overlap other shift blocks.
• Break blocks may be drawn only on top of shift blocks.
• Break blocks may not overlap or be adjacent to other break blocks.

Draw a block:

1. Click on the Shift or Break button to designate the type of block.

2. Click and begin dragging the mouse from the day and time on the grid the 
block should begin.

3. Release the mouse button at the time the block should end.

If you want to define a block more precisely than the grid allows, see Editing the
Begin or End Time below.

If the block you draw is invalid, it will not appear on the time grid.

Selecting a Block

To edit an existing block, you must first select it.

Select an existing block:

• Click on the block. (A border appears to show that the block has been 
selected.) 

Deselect a block:

• Click on the selected block or click on the white area of the window.

Resizing a Block

Resize a block:

1. Select the block.

2. Drag the border of the block until the block is the desired size.

3. Release the mouse button.

� How To

� Caution

� How To

� How To

� How To
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Editing the Begin or End Time

Time blocks for a shift may be created in one minute intervals. It is difficult to gra
ically define a shift this precise, so there is the option to edit the begin or end tim
a shift numerically.

Edit a block's begin or end time:

1. Select the block.

2. Adjust the begin or end time accordingly using the buttons at the bottom 
of the screen.

3. Click on the Update button.

Deleting a Block

There are three ways to delete a block. Use the one easiest for you.

Delete a block:

• Select a block and choose the Delete option from the Edit menu.

or...

• Select a block and press the Delete key on the keyboard.

or...

• Select a block and size it down until the highlight box is gone.

� How To

� How To
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Duplicating a Specific Day Shift

In many instances, the shift schedule for a specific day of the week is identical to
schedules for other days of the week. Rather than creating the same shift block 
several days of the week, it is possible to duplicate one day's shift block to anoth
day of the week.

Duplicate a shift block from one day to another day:

1. Select any shift or break segment for the day you wish to duplicate.

2. Select Duplicate  from the Edit  menu. The day of the week you have 
selected to duplicate is displayed in the Edit Menu of the Shift Editor. For 
example, if you selected the shift block for Tuesday, the editor will display 
“Duplicate Tuesday” in the Edit Menu.

3. In the shift schedule, click the mouse on the day you wish to copy the shift 
block to.    

Customizing Shift and Break Colors

The colors that represent shifts and breaks can be customized. 

Change the color for shifts or breaks:

1. Choose Colors under the Options menu. The colors dialog box will 
appear.

2. Click on the Shift  or Break  button.

3. Click on the desired color.

4. Click OK.

a How To

a How To
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7.7.2 Shift Assignments

The Shift Assignment module allows you to model everyday, real-life situations 
involving scheduling and availability issues, and you can easily define logic to con
the way your model handles these problems. 

If you have an employee that works a split shift, just assign two shifts to the reso
with the corresponding start times. If you have a processing location that can on
used during specifically scheduled hours, set up a separate shift for that location

If you have a plant or some other operation just starting up, and you need to run 
cific shift for the first week and another for two more weeks before going to your 
capacity shift schedule, set up three shifts and assign them all to the plant in one
indicating the appropriate start times for each.

Or if you want to establish a controlled location gateway: Among fulfilling other 
duties, your employee needs to begin doing something (processing a certain enti
certain location) at a certain time, so you set up a queue location, a gate location
a capacity of one), and a processing location. Assign a shift to the gate location 
will come on line at the designated time. Now the gate location begins taking the
ties from the queue location and moving them to the processing location, where 
employee will be requested at the appropriate priority level.

There are many ways to use shift assignments and shift logic to solve any numb
problems in creating a valid model. This chapter explores the features and funct
ity of the Shift Assignments module, including statements and functions for shift 
break logic.

Assigning Shifts

ProModel allows you to select multiple locations and resources and assign them
single shift record. You can also:

• assign a location or resource to multiple shift files with a start time for each
shift,

• define off-shift and break priorities, and

• create off-shift and break logic.

The Shift Assignments module allows you to schedule the availability of resource
and locations based on shifts and work breaks defined in the shift editor. When a
tion or resource goes off shift or on break, it is off-line or off-duty and is reported
the output statistics as non-scheduled time rather than downtime.

The off-shift and break logic are optional and allow you to control more precisely
when a resource or location may go off shift, on break, and how long before it 
becomes available again.
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When you select Shifts from the Build menu, two options are displayed: Define a
Assign. You must define a shift before you can assign a resource or location to i

Assign locations and resources to shifts:

1. Select Shifts from the Build menu, then click on Assign . ProModel dis-
plays the Shift Assignments edit window shown below.

� How To
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2. Select Locations  - Click on the Locations button to display the Select 
Locations dialog (shown below). Click on a location and use the buttons to 
select or remove it from the Shift Locations list. Double clicking on a loca-
tion also selects or removes it. Click OK when finished.

3. Select Resources  - Click on the Resources button to display the Select 
Resources dialog (shown below). Click on a resource and use the buttons 
to select or remove it from the Shift Resources list. Double clicking on a 
resource also selects or removes it. Click OK when finished.
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4. Units  - Enter the specific units of the selected resource to be assigned to 
the shift. You may assign one, several, or all units of a resource to a shift. 
You can also use a macro to specify the units. If left blank, ProModel 
assigns the default of All units to the shift.

1,3 Units 1 and 3 only

1-3,5 Units 1 through 3 and 5 only

All All units of the resource

none You may use none to indicate that no unit will adopt this shift. 
This is useful in creating a run-time interface. By using a macro 
to represent the number of units, the user may select none as 
an option.

Macro The name of a run-time interface macro that allows the user to 
define the units to be affected by the shift.

5. Select Shift Files  - Click the Shift Files button to display the Select Shift 
Files dialog (shown next). Click on the Add button to display the File Open 
dialog and select the shift files you want to use in the model.

6. Define Start Times - Enter the start time for each of the selected shift 
files. The value will be interpreted according to the time units specified in 
the General Information dialog unless a unit label is entered after the 
value (e.g., 10 hr). You can also use a macro to specify the start times. If 
the Start time is left blank, the shift will begin at the start of the simulation. 
All shifts specified apply to the locations and resources selected for these 
shifts in the Shift Assignment record.

During the simulation, the shift having the earliest start time remains in 
effect for the locations and resources listed until the next start time 
encountered activates a new shift.
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7. Define Priorities  - Click on the Priorities button. The Priorities button 
allows you to enter the priorities for going off-line due to a break or end-of-
shift, as well as the priorities of the off-line state in the event that some 
other activity attempts to bring a particular resource or location back on 
line. You can also use macros to specify priorities.

These priorities follow standard ProModel priority level and preemption rules. (S
Locations  on page 201, Entities  on page 237, and Resources  on page 261.)

Priority for Ending Shift    This is the priority for regularly ending the shift. An 
entity or downtime must have a higher priority level to prevent this location or 
resource from going off shift at the preset time.

Off Shift Priority    This is the priority for the location or resource to stay off shift. 
other words, an entity or downtime must have a higher priority level to bring this l
tion or resource back on line before the preset time.

Priority for Starting Break    This is the priority for going on break. An entity or 
downtime must have a higher priority level to prevent this location or resource fro
going on break at the preset time.

Break Priority    This is the priority for staying on break during the break period. 
other words, an entity or downtime must have a higher priority level to bring this l
tion or resource back on line before the end of the preset break.
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Shift & Break Logic

Shift and break logic are optional and are defined in four distinct logic windows, e
executed in a specific sequence throughout the simulation run. You can define lo
that controls how resources and locations go off line and what happens once the
off-line.

To define shift or break logic, click on the Logic button to display a submenu of fo
events associated with shifts for which logic may be defined. Selecting an event 
the submenu displays a standard logic window. You can enter separate logic for
of these four events to be executed when the event occurs. See the following dis
sion, Sequence of Events.

You may want to use the Logic Builder to help you enter the logic. Just click on t
Build button in the logic window.

Pre-Off-Shift or Pre-Break Logic   Executed whenever the location or resource 
scheduled to go off shift or on break. This occurs before the location or resource
checked for availability, so it is executed regardless of availability. This logic may
used to check certain conditions before actually taking the resource or location o
line. The logic is executed for each resource and location listed as members for 
shift assignment record. This allows some members to be taken off line while oth
may be forced to wait. (Pre-off shift and pre-break logic may be referred to in thi
manual as pre-logic when speaking of either one.)

Off-Shift & Break Logic   Executed at the instant the location or resource actua
goes off line.

Sequence of Events

1. When a location or resource is scheduled to go off line due to a break or 
the end of a shift, the pre-logic for that particular location or resource is 
executed. 

2. After executing the pre-logic, which may contain conditional (WAIT 
UNTIL) or time (WAIT) delays, the location or resource is taken off-line, 
assuming it is either available or the priority is high enough for 
preemption.

3. At the instant the location or resource is taken off line, the Off-Shift or 
Break logic is executed.
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4. After executing this logic, the location or resource waits until the time 
defined in the shift file expires before going back on line.

If the off-shift and break nodes are not specified in the Resource Specs dialog, t
resource will stay at the current node. If no resources or locations are assigned 
shift, the shift is ignored.

Functions And Statements

ProModel uses five functions and statements specifically for shift and break logic
SKIP, PRIORITY, DTLENGTH(), FORLOCATION(), and FORRESOURCE(). Fol-
lowing is a brief description of each. For more details, see Statements & Functions  on 
page 111 of the ProModel Reference Guide.

SKIP   If used in pre-logic, it causes the off-shift or break time (including any off-
shift or break logic) to be skipped so a location or resource never goes off line. If 
in the off-shift or break logic, it causes the off-line time defined in the shift editor 
be skipped. This allows you to specify a WAIT statement for the off-line time and
SKIP the off-line time defined in the shift editor.

PRIORITY   This statement provides an alternative way to specify off-shift or bre
priorities. It also allows the priority to be changed after some time being off-shift 
on break. If the priority is changed to a value lower than the current value, the sy
will check to see if any preemption may occur at that time. This statement is not 
allowed in off-shift or break pre-start logic.

DTLEFT()   This function returns the remaining off-shift time based on when the 
location or resource is scheduled to go back on shift as defined in the shift file. It 
be used in off-shift and break logic to adjust the actual time the location or resour
off-line.

FORLOCATION()   This function returns TRUE if the member for which the shift o
break logic being executed is a location. This may be followed by a test using th
LOCATION() function to determine the precise location.

FORRESOURCE()   This function returns TRUE if the member for which the shi
or break logic being executed is a resource. The RESOURCE() function may the
used to determine the precise resource if multiple resources are listed as memb

RESOURCE()   This returns the name-index number of the resource currently p
cessing the off-shift or break logic.

To illustrate how FORLOCATION() and FORRESOURCE() might be used, consi
the following example: Suppose you have locations and resources as members 
shift file assignment and you want to wait until variable Parts_To_Process is equal 
to zero before allowing a particular resource called Operator to go off shift. You 
would enter the following pre-off shift logic:

� Note
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IF FORRESOURCE() THEN
BEGIN

IF RESOURCE() = Operator THEN 
BEGIN
WAIT UNTIL Parts_In_System = 0
END

END

In addition to these new functions, DTDELAY() may also be called at the beginn
of the off-shift or break logic to determine how much time has elapsed between 
time the shift downtime was scheduled to start and when it actually started. The 
length of the shift downtime defined in the shift file would be the sum of DTDELAY
and DTLEFT().

Preemptions to Off-Shift or Break Logic

If off-shift or break logic is defined using WAIT or USE statements and happens 
get preempted, the logic will resume one statement after the WAIT or USE state
where it was preempted.

7.7.3 Shift Downtime Principles

Locations Shift Downtime Principles

It is important to understand that when a location or resource goes off shift, it is e
tially down. We call this type of downtime a shift downtime and it is treated slightly 
differently from other downtimes. Breaks, which are also part of the shift schedu
are treated exactly like clock-based downtimes. These downtimes are discussed
Locations  on page 201 and Resources  on page 261.

Shift Downtimes for Locations

All location shift downtimes have a default priority of 99, the highest non-preemp
priority possible. This means that when a location is scheduled to go off-shift, thi
downtime will take priority over all other entities with a priority less than 99 waitin
for the location. If the location is currently in use, shift downtimes allow the curre
entity to complete its process at the location. After the entity is finished, the shift
downtime proceeds as if it started at its scheduled time. This means that the loc
becomes available at the start of the next shift regardless of when it actually wen
shift. This procedure is demonstrated in the following example.
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Example 1 (a)

Although the downtime is scheduled to last from time T2 to T4, the actual downt
does not begin until time T3. This is what happens for both locations and resour
currently busy when the shift downtime is scheduled to occur.

To preempt a location in which an entity is currently processing, set the priority f
going off shift to a number one level higher than the entity’s priority.

Example 1 (b)

Since the entity was preempted, the remaining time for the entity to be processe
the location was completed after the location shift downtime was completed.
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Preempting Off-Shift Locations

An off-shift location may be preempted back into service by an entity. Following 
preemption, the shift downtime will resume for any remaining time before the sta
the next shift. The following example demonstrates this principle.

Example 2

In this example an entity with priority of 200 or greater preempts an off-shift locati
The location becomes available to process the entity. Once processing is comple
location returns to its off-shift status.

In order for an entity to preempt any location downtime (shift or otherwise), it must 
have a priority level that is at least 2 levels higher than the downtime's priority. In
example the location shift downtime has a priority level of 99 so the entity must h
a priority level of 200 or greater to preempt the shift.
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Overlapping Downtimes

If a preemptive clock downtime occurs during a shift downtime, the downtimes s
ply overlap.

Example 3

This example shows the effect of a preemptive downtime occurring for a location 
already off-shift due to a shift downtime. Because location downtimes always ov
lap, the effect is as if the preemptive downtime never occurred. The location rem
off-shift for the total duration of the shift downtime.

The example above could represent the situation where a recurring downtime, su
a lunch or dinner break, has been defined for a single location that is scheduled 
available for a two shift period. It would be simpler to specify a single downtime f
lunch and dinner that occurs once every 8 hours continuously than to define sep
downtimes for lunch and dinner. In this case the preempting downtime would rep
sent a meal break occurring while the location was off shift.
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Resource Downtime Principles

Shift Downtimes for Resources

Resource shift downtimes work exactly like location shift downtimes with the exc
tion that if the off-shift downtime is preempted by some other downtime, the orig
off-shift downtime never resumes. The following examples show how a resource
is off shift is affected by a preemptive request by another entity (example 1) and 
downtime preemption (example 2).

Example 1

Suppose a resource, repairman, is off-shift. An important machine goes down un
pectedly. Because this machine is a bottleneck in the operation, it is vital to repa
machine as quickly as possible. The repairman is called in and takes 30 minutes
the machine. The logic for the downtime to call him back is “USE Repairman, 60
FOR 30 min.” This will preempt the shift downtime and use the repairman to rep
the machine even though the repairman is off-shift. Once the repairman has rep
the machine, he returns to his shift downtime until he is scheduled to go back on 
The repairman's shift downtime will end at the originally scheduled time regardles
the fact it was preempted by a repair activity.

Although the shift downtime is scheduled to last from time T1 to T4, the actual do
time lasts from T1 to T2 and then from T3 to T4.
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Discontinued
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Example 2

This example shows the effect of a preemptive downtime occurring for a resourc
already off-shift due to a shift downtime. Since resource downtimes are not overlap-
ping, as in the case of location downtimes, the shift downtime in progress is 
discontinued and the preemptive downtime takes control of the resource becaus
has a priority greater than or equal to five-hundred (remember that a downtime p
ity needs to be only one level higher than another downtime priority to preempt i
The effect in this example is that the total downtime is actually shorter than it wo
have been had the original shift downtime been completed.

Although in practice, situations like the example above are unlikely to occur, it is
important to understand that the above condition is possible. Typically, preemptiv
downtimes are due only to some type of location or resource failure, in which ca
the downtime occurrence would be based on usage and not clock time. If a preem
downtime is based on usage, the situation in the example above could not occur
because the location or resource would not be in use, and would not accumulate
time.
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7.8 General Information
The General Information dialog box allows you to specify basic information abou
model, such as its name, default time units, default distance units, and graphic lib
You also may specify the model's initialization and termination logic. Finally, a no
window is available for specifying particulars of a model, such as the modeler's n
the revision date, modeling assumptions or anything else about it.

Open the General Information dialog box:

• Choose General I nformation from the Build menu.
� How To
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7.8.1 General Information Dialog Box

The fields of the General Information dialog box are as follows:

Title   An optional, brief description of the model. Information will be displayed in
the caption bar and included in the model and results files.

Time Units   The unit for any time value in the model that does not have an exp
itly specified time unit. The smallest unit of time available in ProModel is .00001 
second and the largest is 1 day.

Distance Units   The units in feet or meters for all distances specified in the mod
There is no practical limit on the size of the model.

Model Notes...   Brings up a notes window for specifying general notes about th
model. Notes are optional and are for user reference only. An alternative way to 
play notes is using a DISPLAY statement (see Display  on page 137 of the ProModel 
Reference Guide) in the initialization logic.

Graphic Library File    Opens a dialog box for selecting the graphic library file to
use with the open model. Graphics library files have the extension GLB and are 
ther explained later in this section.

Initialization Logic   Opens the Initialization Logic window for specifying initial-
ization logic. An asterisk (*) next to the name of the button means that some 
initialization logic has been defined for the model. (See Initialization Logic  on page 
343.)

Termination Logic   Opens the Termination Logic window for specifying termina
tion logic. An asterisk (*) next to the name of the button means that some termina
logic has been defined for the model. (See Termination Logic  on page 344.) 
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Initialization Logic

Initialization logic allows you to initialize arrays, variables, and other elements at
beginning of a simulation run as shown below:

Other common uses of initialization logic include:

• Reading external files

• Displaying messages

• Prompting for values

• Resetting general read/write files

• Activating independent subroutines that process logic based on a timer. (S
Subroutines  on page 447, and the ProModel Reference Guide, Activate  on 
page 115.)

For a discussion of each of the buttons in the Initialization Logic window, see Editing 
Logic Windows  on page 171.
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Termination Logic

Termination logic allows you to summarize data or write special statistics to an ou
file at the end of a simulation run as shown below:

Other common uses of termination logic include:

• Displaying messages

• Resetting read/write files

See the following page for a discussion on the placement of initialization and term
tion logic within the sequence of run-time events.

Although Initialization and Termination logic cannot be tested with the Compile 
option in the Edit menu, as with Processing or Arrival logic, the logic can be teste
clicking on the compile button in the logic window. When you select OK, ProMod
automatically checks all logic and, if it finds an error in the logic, ProModel displa
an error message describing the problem.

Execution Time of Initialization and Termination Logic

It is important to understand exactly when initialization and termination logic is e
cuted. When you select Run from the Simulation menu the following things occu
the order listed:

1. Variables are initialized to the values specified in the Variables Editor.

2. Macros with a run-time interface are set to their user-specified value.

� Note
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3. The model is loaded into the simulation module. As the model is loaded,
numeric expressions used to define such things as location capacities o
number of resource units are evaluated and assigned a numeric value.

4. Initialization logic is performed.

5. Simulation begins. Initial arrivals and downtimes are scheduled and sim
tion processes begin.

6. Simulation ends.

7. Termination logic is performed.

8. Statistics are compiled.

Logic elements that figure into a model's structure are evaluated only when the m
is loaded into the simulation module. Those logic elements are:

• Simulation warm-up hours

• Simulation run hours

• Node capacity

• Length of path segments

• Resource units

• Location capacity

• Time and quantity cycle tables

• Queue length

• Conveyor length

• Conveyor speed

For a complete list of when each field is evaluated, see Appendix A Expressions & 
Statements  on page 259 of the ProModel Reference Guide.

Any variables used in an expression that change any of these logic elements sho
initialized in the Variables Editor or run-time interface and not in the initialization 
logic. The model structure cannot change after the model has been loaded into 
simulation module. Thus, any variable figuring into a location's capacity and initia
ized in the initialization logic will be initialized too late to affect the location's 
capacity.

Variables which do not figure into a location's capacity may be initialized in the In
tialization Logic without any problem. A variable initialized in the initialization logi
could be used as the “First Time” for an arrival or downtime occurrence. This is t
because arrivals and downtime occurrences are simulation events, and all initial
tion logic occurs before the first simulation event.
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Graphic Library File

ProModel allows you to create and store as many graphics libraries as desired. 
ever, only one graphic library may be used for each model. To copy a graphic fro
one graphic library to another graphic library, see Copying a Graphic from One 
Library to Another  on page 521.

Select the desired graphics library:

1. Select Graphic L ibrary File from the General Information dialog box.

2. Enter the name of the desired graphics library.

3. Select OK.

Only files with the extension GLB may be used as graphics libraries. For more in
mation on creating, merging and saving graphics libraries, see Graphic Editor  on 
page 515.

� How To

� Note
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7.9 Cost
With ProModel’s costing capability, you can make decisions about your system o
cost basis. Costing dialogs allow you to monitor costs associated with Locations
Entities, and Resources during a model run and the General Statistics Report no
includes Costing statistics, automatically generated at the start of the simulation

Use Cost

• Choose Cost  from the Build  menu. The Cost Dialog appears.
� How To
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7.9.1 Cost Dialog Box

Use the Cost Dialog box to define costs for Locations, Entities, and Resources. F
in the Cost Dialog box vary between Object Types and ProModel evaluates expr
sions in these fields only during translation at run time. The General Statistics Re
includes statistical information automatically generated during run-time about co
for locations, entities, and resources.

Object Type  Use this pull-down menu to define costing for the components of t
selected object type. Object types include locations, resources, and entities as s
in the following example. All defined model components of the selected type appe
in the box below the object type field and ProModel allows you to assign costs to
of these components.

Locations 

Operation Rate  This field specifies the cost per unit of time to process entities 
the selected location. Cost accrues only while an entity executes a WAIT or USE
statement in operation logic. ProModel accepts expressions in this field and eval
them at translation.

Per  With this pull-down menu, you can set the time units for the Operation Rate
Time units may be in seconds, minutes, hours, or days as shown here.
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Resources

Regular Rate  This field specifies the cost per unit of time for a resource used in 
model. You can use expressions in this field (evaluated at translation) to set the r
change it using SetRate. For more information see SetRate  on page 225 of the Pro-
Model Reference Guide. 

Per  This pull-down menu allows you to set the time units for the Regular Rate. 
Times may be in seconds, minutes, hours, or days as shown here. 

Cost Per Use  This field allows you to define the actual dollar cost accrued each
time you use the resource (i.e., the minimum usage cost). The cost per use upda
when you obtain the resource and ProModel accepts expressions in this field (ev
ated at translation).

Since ProModel counts a preemption as a use, if you preempt a resource from a
entity, the usage cost applies to the resource only when it returns to the entity. 

�Note
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Entities

Initial Cost  This field allows you to define the initial entity cost for an entity whic
enters the system through a scheduled arrival, a CREATE statement, or an ORD
statement. ProModel accepts expressions in this field and evaluates them at 
translation.

When you implicitly create new entities through a ROUTE statement, ProModel d
not add an initial cost to the entity. To add an initial cost, use the INCENTCOST 
statement. See IncEntCost  on page 167 of the ProModel Reference Guide for more 
information.

�Note
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7.9.2 Building a Model with Costing

When you build a model using the costing feature, you must first define the locati
resources, and entities used in the model. Once you define these model compon
you may assign costing information to them through the Cost option in the Build
menu. To collect costing information about your model, uncheck the disable cos
box from the simulation options dialog of the simulation menu. By default, ProMo
disables costing and sets all defaults to zero. See Enable or Disable Costing  on page 
356.

This model shows the impact on product cost and product output when you use a
able number of operators. 

The following scenarios assume you defined costs for all model components.�Note
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7.9.3 Preemption/Downtime

• If you preempt an entity’s resource, an additional cost per use will apply on
you re-acquire the resource. While waiting for the resource to return, the e
does not record operation or resource costs. 

• If an entity preempts another entity, the preempted entity continues to reco
operation time during the entire preemption period. While the preempting 
preempted entities are simultaneously at a location, the location records th
cost for both entities. If the preempting entity obtains a resource, the pre-
empted entity will not record the resource costs during the preemption perio

• If an entity is at a location when a preemptive downtime occurs, the entity 
records the downtime as part of its operational costs. This applies to all ty
of location downtimes, including shifts. The location records the cost of the
preempted entity while it remains at the location.

• If an entity’s resource has a downtime which requires the use of another 
resource, the entity will not record the second resource’s cost. However, the
location will  record the extra resource’s cost.

7.9.4 Join/Load

• Joined entities add their costs to their base entities, but not their time stati

• Loaded entities do not add their costs or time statistics to their base entities.

• When an UNLOAD occurs, ProModel divides all costs accrued by a loade
entity among the unloaded entities. ProModel adds all other entity statistic
calculated during the loaded period to each of the unloaded entities.

• Entities leaving the system loaded onto other entities do NOT report their 
vidual costs, but do report all other statistics. To get the cost of each entity, y
must unload the entities before they exit.
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7.9.5 Combine/Group

• Combined entities add their costs to the resultant entity, but not their time 
tistics. The resultant entity begins with fresh time statistics.

• Grouped entities do not add their costs or statistics to the group shell (a tem
rary entity representing grouped entities that starts with cost and time stati
of zero).

• When an UNGROUP occurs, ProModel divides all costs accrued by a grou
entity among the ungrouped entities. ProModel copies all other entity statis
calculated during the grouped period to each of the ungrouped entities.

• Entities leaving the system grouped with other entities do NOT report their
individual costs, but do report all other statistics. To get the cost of each enti
you must ungroup the entities before they exit.

7.9.6 Special Cost Handling

• As soon as you acquire a resource, it begins to accrue cost.

• Unless obtained in the move logic, ProModel charges the “Cost per use” f
resource to the location that obtained it. Resources obtained in the move l
do not charge a “per use” cost to any location.

• ProModel does not charge any resource time used during move logic to an
location.

• ProModel adds initial entity costs defined in the cost module only as entity
costs, not location costs.

• If a location uses a resource during a downtime, the location accrues that 
resource’s cost.

• The USE statement counts as operation and resource cost.

• When you CREATE a new entity, it begins with new time statistics and an 
tial cost.

• If you RENAME an entity, previous time statistics and costs continue with 
entity.

• The SPLIT AS statement divides the cost of the original entity between all
entities. Each new entity begins with new time statistics.
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7.9.7 Costing Output

Costing Statistics

ProModel collects costing statistics only if you uncheck the Disable Cost Statisti
option in the Simulation Options menu (see Simulation Options  on page 569 for more 
information). Included in the General Statistics Report, ProModel calculates cos
statistics as shown in the following example:

Locations

• Operational Cost = (Active Operation Time * Rate) + (Any IncLocCost)

• % Operational Cost refers to the location’s percentage of the sum of all op
tion costs

• Resource Cost = (Utilization * Rate) + (Times Used * Cost per use)

For Resource Cost, Utilization and Times Used refer to the utilization of a resour
while at a location. This applies only to resource use through operation logic.

�Note
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• % Resource Cost refers to the location’s percentage of the sum of all reso
costs

• Total Cost = (Operation Cost + Resource Cost)

• % Total Cost refers to location’s percentage of the sum of all location cost

Resources

• NonUse Cost = (1-% Utilization) * Scheduled Time * Rate

• % NonUse Cost refers to the resource’s percentage of the sum of all nonu
costs

• Usage Cost = (% Utilization * Scheduled Time * Rate) + (Times Used * Co
per use)

• % Usage Cost refers to the resource’s percentage of the sum of all resour
usage costs

• Total Cost = Usage Cost + NonUse Cost

• % Total Cost refers to the resource’s percentage of the sum of all resource

Entities

• Total Cost = cumulative entity cost, or the sum of costs incurred on all loca
tions the entity passed through + the sum of all costs incurred by use of 
resource + initial cost + any IncEntCost

• % Total Cost refers to the entity’s percentage of sum of all entity costs

In the above calculations, the rate defined (per day, hour, minute, and second) c
verts to the default time units specified in the General Information dialog.

ProModel does not allow you to generate a Costing Graph. However, if you set a
able equal to GetCost (e.g., Var1=GetCost), you can generate a time series grap
track changing entity costs. See GetCost()  on page 157 of the ProModel Reference 
Guide for more information.

�Note
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7.9.8 Enable or Disable Costing

By default, ProModel automatically disables the Costing option. To enable the cost-
ing feature, uncheck the Display Cost Statistics option in the Simulation Options
dialog.

Enable Costing

1. From the Simulation  menu, select Options .

2. Uncheck the Disable C ost box.

Disable Costing

1. From the Simulation  menu, select Options .

2. Check the Disable C ost box.

� How To

� How To
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7.10 Tanks
Tanks are simply locations to which ProModel associates a level instead of an e
routing. (As a result, the units and rules fields do not apply to tanks.) Using tanks
can model the continuous flow of liquids and other substances into and out of tan
similar vessels. Also, when combined with discrete-event simulation, ProModel’s
continuous modeling capability makes it possible to model the exchange betwee
continuous material and discrete entities (e.g., when you place liquid into a con-
tainer). Other uses include modeling high-rate, discrete part manufacturing syste

The Tank Submodel

In order to function properly, all tank models should include the tank submodel 
(TANKSUB.MOD). The tank submodel contains important subroutines and data 
ments (arrays and macros) used to simplify tank modeling. Each of these subrou
and data elements has a “Tank_” prefix to help identify it and to prevent any acc
tal name duplication.

 All user-defined model elements should begin with something other than “Tank_

Define a tank

1. Select the gauge/tank symbol from the Location Graphics window.

2. Click on the layout window where you wish to place the tank and select 
Create Tank Location  from the menu that appears. ProModel places the 
tank on the layout.

When you create the first tank in your model, ProModel will display a dialog that
allows you to automatically import various subroutines, arrays, macros, and libra
graphics specific to tanks. If you do not wish to include these new items, you ma
cancel the action.

3. Enter a capacity (1 to 999999) for the tank in the location capacity field.

4. Define and reference any necessary tank control subroutines.

GNote

a How To

GNote
ProModel User’s Guide 357



Chapter 7  Defining General Elements
7.

10

ank. 
ro-
ples 
Edit a tank or a gauge

1. Double click on the tank or gauge (or right click and select Edit Graphic ).

2. From the dialog that appears, make the appropriate changes.

3. Click OK.

Change between a tank and a gauge

• Double click on the tank or gauge and check or uncheck the tank option.

or...

• Right click on the tank or gauge and select Change Tank to Gauge  or 
Change Gauge to Tank .

In addition to defining a tank graphic, you may add labels and other figures to a t
For example, you can add a counter to digitally display the fill level of the tank (P
Model rounds the value displayed to the nearest integer). The following are exam
of how you can use tanks in ProModel.

� How To

� How To
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7.10.1 Basic Concepts

Since tanks do not process discrete entities, you may not define routings to or fr
tanks. To control a tank level, ProModel provides predefined subroutines that fill,
empty, and transfer tank contents. To monitor tank levels and initiate flows, you m
define control subroutines using the Subroutine module. To call these subroutine
operate them independently in the model, use the ACTIVATE statement. For exa
ples of how to use these subroutines, see the discussion at the end of this sectio
model tanks effectively, you must understand the following concepts.

Tank Levels

ProModel records tank levels in a pre-defined array called Tank_Level where ea
element of the array corresponds to each tank location in the location list. For ex
ple, the level of TankA is the value of Tank_Level [TankA]. If TankA were the third
location in the location list, you could also reference the level of TankA with 
Tank_Level[3]. For best results, you should control all tank levels using only the 
defined tank filling and emptying subroutines rather than change the Tank_Level
array values directly. This will prevent overfilling or overdrawing and will accurate
gather statistics for each tank. For example, calling Tank_Fill (TankA, 500, 30, 0
automatically fills TankA to 500 units at a rate of 30 units per minute. The 0 signi
that the tank will not accept excess material and, as a result, an error message w
occur if the tank reaches capacity before the specified amount fills into the tank.

The Flow Time Step 

To model continuous flow, ProModel uses a Tank_TimeStep macro. This macro i
time step used when filling/emptying tanks and is an RTI (run-time interface) par
eter. Initially, ProModel sets this value to .2 minutes. If you wish to use a differen
value for the time step, you may change it temporarily (for a particular model) 
through the Simulation/Parameters menu option, or permanently by changing the 
macro itself. The larger the time step, the longer the interval between filling and 
tying (which speeds up the simulation). For example, suppose you set the time s
.1 minutes. If a tank empties at a rate of 60 gpm, the simulation would actually em
the tank by a discrete amount of 6 gallons every .1 minutes. When filling or empt
a tank, if the remaining quantity doesn't require the full time step, ProModel redu
the time step using a linear interpolation. 

The only adverse effect of using a large time step is that any WAIT UNTIL statem
or other test based on the Tank_Level array may be off by as much as the flow am
for the time step. For example, if the time step is .5 minutes and the rate of flow 
60 gpm, the level will change in 30 gallon increments. This means that the tank w

�Note
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not satisfy the statement “WAIT UNTIL Tank_Level[TankA]>=31” until the level 
reaches 60.

Rate of Flow

To use flow rates properly, you must define all rates in terms of units (i.e., gallon
pounds, etc.) per minute. Whenever you call one of the empty, fill, or transfer sub
tines, you must specify the rate of flow. The units of flow, however, may change w
you move material from one tank to another (e.g., pounds of dry material may tra
into a tank containing gallons of liquid). 

To specify a variable rate of flow that changes dynamically with each time step, p
value of 0. This signals the subroutine to call the Tank_Rate subroutine with eac
time step. To return the desired rate value for each time step when you use a va
rate, you must modify the Tank_Rate subroutine appropriately.

Tank States

Like other model elements, tanks use states to test and track statistics. ProMode
matically sets these states when you use the predefined tank subroutines to cont
tank. The following are defined states:

Tank_Idle    The tank is empty and not in use. Set automatically when a tank
empties and at the end of a Tank_DoPrep or Tank_GoDown subroutine.

Tank_Operation    The tank is active (e.g., mixing, reacting, heating, etc.). S
automatically when the model calls the Tank_DoOperation subroutine.

Tank_Setup    The tank is cleaning or preparing for future use. Set automatic
whenever you call the Tank_Prep subroutine.

Tank_Filling    The tank is filling. Set automatically whenever you fill the tank

Tank_Emptying    The tank is emptying. Set automatically whenever you emp
the tank.

Tank_Blocked    The tank is full and ready to transfer. Set automatically whe
the tank fills to capacity. 

Tank_Down    The tank is down. Set automatically whenever you call 
Tank_GoDown.

While ProModel sets these states automatically, you may change the state of the
at any time by calling the Tank_SetState subroutine. ProModel records statistics
these states in the output report under Locations. Since a tank may fill and empt
simultaneously, the output report combines Tank_Filling with Tank_Emptying an
reports it all as waiting time.
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Over Filling/Emptying Tanks

When using the predefined subroutines to fill, empty, or transfer from one tank to
another, you may accidentally attempt over fill or over empty a tank. To prevent th
situations, you have the option to terminate the fill/empty subroutine or suspend 
ther filling/emptying until the tank reaches a resume level. If you terminate the 
subroutine, ProModel temporarily stores the un-filled or un-emptied quantity for 
immediate access in the global variable, Tank_QtyLeft. 

Tank Downtimes 

For Tanks, you must define downtimes and shifts in a special way. First, you ma
define only clock downtimes for tanks. Second, when defining a clock downtime f
tank, use the Tank_GoDown subroutine (page 377) in the Downtime Logic field 
instead of just a WAIT statement. This sets the state of the tank to Tank_Down a
gathers the appropriate statistics. Third, when defining a shift for a tank, you sho
call the Tank_GoDown subroutine in the off-shift logic using the DTLeft() function
the time parameter. A SKIP statement should follow this function as shown here

Tank_GoDown (<TankID>, DTLeft())
SKIP

ProModel temporarily suspends tank flow while a tank is down or off shift.
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7.10.2 Tank Logic Builder

An expanded capability within ProModel, the tank logic builder provides you with 
what you need to model complex tank and fluid system operations. The logic bu
contains all available tank subroutines and provides you with a description of the
components required to use each subroutine. 

The subroutine logic is not accessible until you define your first tank location—w
you define the tank location, ProModel loads the tank submodel. 

Access the Logic Builder: 

• Click the right mouse button in the logic window or expression edit field. 
Or click the Build  button on the logic window’s toolbar.

For more information about the Logic Builder, see Logic Builder  on page 489.

�Note

� How To
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7.10.3 Pre-defined Tank Subroutines

Tank_Cap ........................................................ page 374

Tank_Dec ........................................................ page 371

Tank_DoOperation ....................................... page 376

Tank_DoPrep ................................................. page 379

Tank_Empty ................................................... page 365

Tank_FallTrigger ........................................... page 373

Tank_Fill .......................................................... page 364

Tank_FreeCap ............................................... page 375

Tank_GoDown ............................................... page 377

Tank_GoDownSched ................................... page 378

Tank_Inc .......................................................... page 370

Tank_Rate ....................................................... page 385

Tank_RiseTrigger ......................................... page 372

Tank_SelectInput .......................................... page 383

Tank_SelectOutput ...................................... page 381

Tank_SetLevel ............................................... page 369

Tank_SetState ............................................... page 380

Tank_Transfer ................................................ page 366

Tank_TransferDownTo ................................ page 368

Tank_TransferUpTo ...................................... page 367

Tank_UpdateStats ........................................ page 384
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Tank_Fill

Syntax TANK_FILL ( <Tank ID>, <Fill Quantity>, <Fill Rate>, <Resume Level>)
TANK_FILL (HoldingTank, 2000, 75, 1500)

Description Fills a tank using a specific quantity and rate. The default tank state sets t
Tank_Filling, then to Tank_Blocked if the tank becomes full.

Use Tank_Fill when the source of the material is not another tank, but an a
ing entity or a source that is not part of the model.

Components

<Tank ID> The tank name or location index number.

<Fill Quantity>The number of units (gallons, pounds, etc.) to fill into the tank. To fill the ta
to capacity, enter Tank_Cap(<Tank ID>).

<Fill Rate> The rate in units (gallons, pounds, etc.) per minute. To instantly increase t
level of a tank, use the Tank_Inc subroutine. To initialize the level of a ta
(e.g., at the start of the simulation), use the Tank_SetLevel subroutine. T
use a dynamically calculated rate in the Tank_Rate subroutine, enter 0.

<Resume level>If the tank level reaches capacity before you add the specified quantity, th
tank must drop to the resume level before it can continue filling. To term
nate filling if the tank reaches capacity, enter Tank_Stop as the resume l
A value of 0 causes an error to occur if the tank becomes full before reac
the fill quantity.

A tanker arrives and fills a storage tank by the quantity stored in the tanker’s attrib
Load_Qty. The rate of fill is 80 gpm and, if the tank fills to capacity before the tan
discharges the entire quantity, the level of the storage tank must drop to 12,000 
lons before it resumes filling. To represent this, enter the following statement in t
operation logic for the tanker at the unloading station:

Tank_Fill(StorageTank, Load_Qty, 80, 12000)

See Also  Filling from an Entity  on page 390 and Initializing and Replenishing Supply 
Tanks  on page 390.

�
Example
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Tank_Empty

Syntax TANK_EMPTY (<Tank ID>, <Empty Quantity>, <Empty Rate>, <Resume 
Level>)
TANK_EMPTY (TankB, 2000, 40, 0) 

Description Empties a tank by a specified quantity and rate. The state is set to 
Tank_Emptying, then to Tank_Idle if the tank becomes empty.

Use Tank_Empty when the destination is not another tank, but an arriving 
entity or a source that is not part of the model.

Components

<Tank ID> The tank name or location index number.

<Empty Quantity>The number of units (gallons, pounds, etc.) to empty. To empty a tank c
pletely of its current contents, enter Tank_Level [<Tank ID>].

<Empty Rate>The rate in units (gallons, pounds, etc.) per minute. To instantly decrease 
level of a tank, use the Tank_Dec subroutine. To specify a dynamically
calculated rate using the Tank_Rate subroutine, enter 0. 

<Resume level>If the tank level drops to 0 before you empty the specified quantity, the tan
must rise to the resume level before continuing to empty. To terminate
emptying if the level ever drops to 0, enter Tank_Stop. A value of 0 cau
an error to occur if the tank becomes empty before removing the spec
quantity.

When a chemical tank, ChemTank, is full (state is Tank_Blocked), workers pump
contents into a rail car at a rate of 60 gpm for transportation to another facility. S
rail cars are always available and the delivery activity is not of interest, it is not ne
sary to model the rail cars explicitly. Instead, activate a subroutine in the initializa
logic with the following statement:

Tank_Loop //causes logic to repeat continuously
{

WAIT UNTIL Tank_State[ChemTank]=Tank_Blocked
Tank_Fill(ChemTank, Tank_Level[ChemTank], 60, 0)

}

See Also  Emptying to an Entity  on page 392.

�
Example
ProModel User’s Guide 365



Chapter 7  Defining General Elements
7.

10
.3

state 
e 

in 

tank 

 

To 
r 0. 

 if 
 the 

 TO 
er. 

s 

ater 
gic 
Tank_Transfer

Syntax TANK_TRANSFER (<FROM Tank ID>, <TO Tank ID>, <Transfer Quan-
tity>, <FROM Rate>, <TO Rate>, <Resume Level>)
TANK_TRANSFER (Tank1, Tank2, 2000, 100, 0, 0) 

Description Transfers a specified quantity from one tank to another. ProModel sets the 
of the FROM tank to Tank_Emptying and the TO tank to Tank_Filling. If th
FROM tank becomes empty, its state becomes Tank_Idle. If the TO tank 
becomes full, its state becomes Tank_Blocked. Otherwise, the states rema
unchanged.

Use Tank_Transfer when you want to transfer a specific quantity from one 
to another.

Components

<FROM Tank ID>The name or location index number of the FROM tank.

<TO Tank ID>The name or location index number of the TO tank.

<Transfer Quantity>The number of units (gallons, pounds, etc.) to transfer. To transfer the
entire contents of a tank, enter Tank_Level [<FROM Tank ID>].

<FROM Rate>The rate in units (gallons, pounds, etc.) per minute out of the FROM tank. 
use a dynamically calculated rate in the Tank_Rate subroutine, ente

<TO Rate> The rate in units (gallons, pounds, etc.) per minute into the TO tank. Use 0
same as the FROM rate. (The TO rate is automatically the same as
FROM rate if you add 0 as the FROM rate.)

<Resume level>If the TO tank reaches capacity before the specified quantity transfers, the
tank must drop to the resume level before continuing with the transf
To terminate transferring when the TO tank reaches capacity, enter 
Tank_Stop. A value of 0 causes an error to occur if the tank become
empty before transferring the specified quantity.

When a mixing tank is ready to mix a new batch of material, 10,000 gallons of w
must first transfer from a water supply tank at a rate of 100 gpm. The following lo
represents this action:

Tank_Transfer(WaterTank, MixingTank, 10000, 100, 0, 0)

See Also Tank Transfers  on page 393.
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Tank_TransferUpTo

Syntax TANK_TRANSFERUPTO (<FROM Tank ID>, <TO Tank ID>, <TO Level >, 
<FROM Rate>, <TO Rate>)
TANK_TRANSFERUPTO (Tank1, Tank2, 8500, 75, 0) 

Description Similar to Tank_Transfer except that Tank_TransferUpTo does NOT termin
a transfer based on the transferred quantity, rather when the TO tank level rises 
to a certain point. If the tank empties before reaching the TO level, ProMo
suspends the transfer until capacity becomes available.

Use Tank_TransferUpTo when you want to raise the level of a tank to a ce
value but are not certain of the quantity needed to reach that level (e.g., the
is draining at the same time you are trying to fill it).

Components

<FROM Tank ID>The name or location index number of the FROM tank. 

<TO Tank ID>The name or location index number of the TO tank.

<TO Level> Transfer until the TO tank reaches this level.

<FROM Rate>The rate in units (gallons, pounds, etc.) per minute out of the FROM tank. 
use a dynamically calculated rate in the Tank_Rate subroutine, enter 0

<TO Rate> The rate in units (gallons, pounds, etc.) per minute into the TO tank. Use 0
the TO rate is the same as the FROM rate.

An in-process tank supplies several downstream tanks and must maintain a max
level of 20,000 gallons. Whenever the in-process tank drops below 5,000 gallons
supply tank refills the tank at a rate of 100 gpm. To model this, define an activate
subroutine for the supply tank using the following logic:

Tank_Loop //causes logic to repeat continuously
{
WAIT UNTIL Tank_Level[InProcessTank]<=5000
Tank_TransferUpTo(SupplyTank, InProcessTank, 20000, 100, 0)
}
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Tank_TransferDownTo

Syntax TANK_TRANSFERDOWNTO (<FROM Tank ID>, <TO Tank ID>, <TO 
Level >, <FROM Rate>, <TO Rate>)
TANK_TRANSFERDOWNTO (Tank1, Tank2, 1000, 80, 0) 

Description Similar to Tank_Transfer except that Tank_TransferDownTo terminates the
transfer when the FROM tank level lowers to a designated level instead of
ering by a specific quantity. If the TO tank becomes full, ProModel suspen
the transfer until capacity becomes available.

Use Tank_TransferDownTo when you want to lower the level of a tank to a
specific value but you are not certain how much to empty in order to drop 
that level (e.g., the tank may fill at the same time it empties).

Components

<FROM Tank ID>The name or location index number of the FROM tank. 

<TO Tank ID>The name or location index number of the TO tank.

<TO Level> Transfer until the FROM tank drops to this level.

<FROM Rate>The rate in units (gallons, pounds, etc.) per minute out of the FROM tank. 
use a dynamically calculated rate in the Tank_Rate subroutine, enter 0

<TO Rate> The rate in units (gallons, pounds, etc.) per minute into the TO tank. Use 0
the TO rate is the same as the FROM rate.

An in-process tank, TankA, supplies TankB at a rate of 50 gpm. TankA must main
a minimum level of 200 gallons to insure against pump cavitation. When TankA’s
level drops to 200 gallons, the tank stops pumping to TankB until the level of Tan
rises above 200 gallons. To model this scenario, enter the following logic in the s
routine controlling the flow from TankA to TankB:

Tank_Loop //causes the logic to repeat continuously
{
WAIT UNTIL Tank_Level[TankA]>200
Tank_TransferDownTo(TankA, TankB, 200, 50, 0)
}

See Also Split Transfers  on page 395.
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Tank_SetLevel

Syntax TANK_SETLEVEL (<Tank ID>, <Quantity>)
TANK_SETLEVEL (TankA, 1500) 

Description Instantly sets the level of a tank to a specified quantity. If the quantity is ne
tive or larger than the tank capacity, an error occurs. The tank state sets to
Tank_Blocked if you set the tank level to the tank capacity and to Tank_Idl
you set the tank level to 0. Otherwise, the state remains unchanged.

Use Tank_SetLevel when you want to initialize a tank to a specific level.

Components

<Tank ID> The tank name or location index number.

<Quantity>   The level at which to set the tank (number of gallons, pounds, etc.). To co
pletely fill the tank, enter Tank_Cap(<Tank Name>).

When you begin a simulation, you wish to set the initial level of a supply tank, Tan
to 10,000 gallons. To model this, enter the following statement in the initialization
logic for the model.

Tank_SetLevel(TankX, 10000)

See Also Initializing and Replenishing Supply Tanks  on page 390.
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Tank_Inc

Syntax TANK_INC (<Tank ID>, <Quantity>) 
TANK_INC (StorageTank, 5000) 

Description Instantly increases the level of a tank by a specified quantity. If the tank ha
insufficient capacity, the level increases as capacity becomes available. Pr
Model sets the tank state to Tank_Blocked if the level increases to the tan
capacity, otherwise the state remains unchanged.

Use Tank_Inc to instantly add a specific quantity to a tank.

Components

<Tank ID> The tank name or location index number.

<Quantity> The number of units by which to increment the contents of the tank (gallon
pounds, etc.). 

Trucks deliver pellets to a holding bin twice a day. When a truck arrives at the dr
off station, it dumps the entire 5,000 lb load in only 2.5 minutes. To model this, de
the following operation logic for the truck at the drop-off station:

WAIT 2.5 MIN
Tank_Inc(HoldingBin, 5000)

�
Example
370 ProModel User’s Guide 



 Section 7.10  Tanks

7.
10

.3

as 
ets 
ate 

ns, 

er 

):
Tank_Dec

Syntax TANK_DEC (<Tank ID>, <Quantity>)
TANK_DEC (SupplyTankB, 1000) 

Description Instantly decreases the level of a tank by a specified quantity. If the tank h
insufficient quantity, it empties as material becomes available. ProModel s
the tank state to Tank_Idle if you decrease the level to 0. Otherwise the st
remains unchanged.

Use Tank_Dec to instantly remove a specific quantity from a tank.

Components

<Tank ID> The tank name or location index number.

<Quantity> The number of units by which to decrement the contents of the tank (gallo
pounds, etc.). 

A fill tank fills one 10-gallon container every 15 seconds. After filling, each contain
moves to a location called FillStation. To model this activity, define the following 
activated subroutine (this subroutine creates a filled container every 15 seconds

Tank_Loop //causes logic to repeat continuously
{
WAIT 15 SEC
Tank_Dec(FillTank, 10)
ORDER 1 Container TO FillStation
}

See Also Emptying to an Entity  on page 392.
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Tank_RiseTrigger

Syntax TANK_RISETRIGGER (<Tank ID>, <Level>)
TANK_RISETRIGGER (TankA, 3000) 

Description Waits until tank contents rises to a specific level.

Use Tank_RiseTrigger to initiate some action when a tank rises to a certai
level.

Components

<Tank ID> The tank name or location index number.

<Level> When the tank level rises to this value, ProModel executes any subsequen
logic.

A tanker waits at a dispatch station until the level of a finished goods tank rises t
2,000 gallons. Once the tank level reaches this point, a signal dispatches the tan
the finished goods tank for loading. Meanwhile, the finished goods tank continue
filling. To model this situation, define the following process logic for the tanker at 
dispatch station:

Tank_RiseTrigger (FGTank, 2000)

Using the Tank_RiseTrigger subroutine instead of a WAIT UNTIL statement preve
the next tanker from dispatching until the finished goods tank falls back below 2,
gallons.

See Also Defining Trigger Levels  on page 397.
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Tank_FallTrigger

Syntax TANK_FALLTRIGGER (<Tank ID>, <Level>)
TANK_FALLTRIGGER (TankB, 500) 

Description Waits until tank contents falls to a specified level.

Use Tank_FallTrigger to initiate an action when a tank level falls to a spec
level.

Components

<Tank ID> The tank name or location index number.

<Level> When the tank level falls to this value, any subsequent logic executes.

When an in-process tank, TankX, falls to 1000 gallons, it triggers a mixing tank t
begin producing more product. To model this, define the following activated subr
tine to control the mixing tank:

Tank_Loop //causes the logic to repeat continuously
{
Tank_FallTrigger(TankX, 1000)
[Insert logic to mix new batch here]
}

Using Tank_FallTrigger instead of a WAIT UNTIL statement prevents the action 
from triggering again until the level first rises above the fall trigger level.

See Also Defining Trigger Levels  on page 397
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Syntax TANK_CAP (<Tank ID>)
TANK_CAP (TankA) 

Description Returns the capacity defined for the specified tank.

Use Tank_Cap when you need to know the defined capacity for a tank.

Components

<Tank ID> The tank name or location index number.
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Tank_FreeCap

Syntax TANK_FREECAP (<Tank ID>)
TANK_FREECAP (TankA) 

Description Returns the available capacity of the specified tank.

Use Tank_FreeCap when you need to know the available capacity of a tan

Components

<Tank ID> The tank name or location index number.
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Tank_DoOperation

Syntax TANK_DOOPERATION (<Tank ID>, <Operation time>) 
TANK_DOOPERATION (TankA, 30) 

Description Sets the state of the tank to Tank_Operation and waits for the specified op
tion time. ProModel sets the state to Tank_Blocked after the operation. 

Use Tank_DoOperation when some activity or treatment time is necessary
the material in a tank.

Components

<Tank ID> The tank name or location index number.

<Operation time>The duration (in minutes) of the operation.

After technicians add all the necessary ingredients to the mixing tank, the tank 
requires a 20 minute mixing time. To define this operation, enter the following sta
ment in the subroutine for the mixing activity:

Tank_DoOperation(MixingTank, 20)

See Also Mixing and Reactor Tanks  on page 391.
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Tank_GoDown

Syntax TANK_GODOWN (<Tank ID>, <Down time>)
TANK_GODOWN (TankA, 5)

Description Sets the state of the tank to Tank_Down, waits for the specified downtime, 
sets the state back to the previous setting. If you defined a downtime using
location downtime dialog, call the Tank_GoDown subroutine in the downtim
logic rather than use a WAIT statement. If the downtime is for cleaning, use
Tank_DoPrep subroutine.

Use Tank_GoDown to shut down a tank due to equipment failure (e.g., pu
failure). If the downtime occurs periodically, you can define a clock downtim
in the downtime logic for the tank location and use Tank_GoDown in place
the WAIT statement.

Components

<Tank ID> The tank name or location index number.

<Down time> The duration (in minutes) of the downtime.

A fill line from a dry supply bin plugs randomly according to an exponential distri
tion with a mean of 10 minutes. The time to unplug the line is normally distribute
with a mean of 5 minutes and a standard deviation of 1 minute. To define this be
ior, define a clock downtime for the bin to occur with a frequency of E(10) minutes
the logic defined for the downtime, enter the following logic:

�
Example
ProModel User’s Guide 377



Chapter 7  Defining General Elements
7.

10
.3

 

AIT 
s to 

ses a 
 

e 
a 
hed-
d 
Tank_GoDownSched

Syntax TANK_GODOWNSCHED (<Tank ID>, <Down time>)
TANK_GODOWNSCHED (TankA, 5)

Description Sets the state of the tank to Tank_Down, waits for the specified scheduled
downtime, then sets the tank state back to its previous setting. If you defined a 
scheduled downtime using the location downtime dialog, call the 
Tank_GoDownSched subroutine in the downtime logic rather than use a W
statement. If the downtime is for cleaning and you will return the tank statu
idle, use the Tank_DoPrep subroutine.

Use Tank_GoDownSched to shut down a tank for a scheduled task or event 
(e.g., interim maintenance or end of scheduled workday). Since the tank u
scheduled downtime, the time lapsed during the event does not record as a
downtime. 

Components

<Tank ID> The tank name or location index number.

<Down time> The duration (in minutes) of the scheduled downtime.

Every 4 hours, a technician must check the fill line from a dry supply bin. The tim
required to check the line is normally distributed with a mean of 10 minutes and 
standard deviation of 3 minutes. To define this behavior, define a clock-based, sc
uled downtime for the bin to occur with a frequency of 4 hours. In the logic define
for the downtime, enter the following:

�
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Tank_DoPrep

Syntax TANK_DOPREP (<Tank ID>, <Prep time>)
TANK_DOPREP (TankA, 5) 

Description Sets the state of the tank to Tank_Setup, waits for the specified time, then
the state to Tank_Idle. Use Tank_DoPrep for cleaning activities after you 
empty a tank.

Use Tank_DoPrep to take a tank off line for cleaning or other preparation t

Components

<Tank ID> The tank name or location index number.

<Prep time> The duration (in minutes) of preparation time.

Workers clean a mixing tank for 30 minutes after each batch produced. To model
enter the following logic in the mixing subroutine defined for the mixing tank:

Tank_Loop //causes logic to repeat continuously
{
[Enter mixing and transfer logic here]
Tank_DoPrep(MixingTank, 30)
}

See Also Mixing and Reactor Tanks  on page 391.
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Tank_SetState

Syntax TANK_SETSTATE   (<Tank ID>, <State>)
TANK_SETSTATE (TankA, Tank_Idle) 

Description Sets the state of the tank (e.g., Tank_State[<Tank ID>]) to a new state and
updates the statistics since the last change of state.

Use Tank_SetState to explicitly change the state of a tank. Use Tank_SetS
only if the default state changes do not adequately meet modeling needs.

Components

<Tank ID> The tank name or index number.

<State> The new state for the tank. For a list of possible tank states, see Tank States  on 
page 360.
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Tank_SelectOutput

Syntax TANK_SELECTOUTPUT   (<First Tank>, <Number of Tanks>, <Selection 
Rule>, <Maximum Level>, <Product Type>)
TANK_SELECTOUTPUT (TankA, 3, Tank_InOrder, 5000, 0) 

Description Selects an output tank from among several tanks based on a selection rul
optional product type. To use this function, list all tanks included in the sel
tion decision together in the Location module.

Components

<First Tank> The name or location index number of the starting tank in the range.

<Number of Tanks>The number of tanks in the selection range (limit 10).

<Selection Rule>The rule for making the selection may be one of the following:

Tank_InOrder  (selects the first idle tank encountered)

Tank_LongestIdle (selects the tank idle the longest)

<Maximum Level>The maximum level of the output tank before considering it for selectio
Enter 0 if the output tank must be empty or idle before being conside

<Product Type>An integer specifying the required value of the Product array in order to se
the tank. Enter 0 if the tank selection requires no product type match
(This applies only if the maximum level specified is greater than 0.)

A supply tank feeds one of 3 output tanks and always gives preference first to Ta
then to Tank2, and finally to Tank3 based on availability. Furthermore, the supply 
can select a tank only if its contents are less than 8000 gallons. To model this se
tion, list Tank1, Tank2, and Tank3 together (and in order) in the location module.
Then define the following statement to select the tank using a local variable, 
Selected_Tank:

INT Selected_Tank
.
.
.
SelectedTank=Tank_SelectOutput(Tank1, 3, Tank_InOrder, 8000,0)

See diagram on following page
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The diagram below shows the logic used to make a tank selection:

If you base a tank selection on product type, you must be careful to assign an ap
priate integer value to the Product array element corresponding to the tank locat

See Also Selecting from Multiple Input or Output Tanks  on page 394.
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Tank_SelectInput

Syntax TANK_SELECTINPUT (<First Tank>, <Number of Tanks>, <Selection 
Rule>, <Minimum Level>, <Product Type>)
TANK_SELECTINPUT (Tank1, 5, Tank_ByOrder, 1000, 0)

Description Selects an input tank from among several tanks based on a selection rule.
use this function, you must list all tanks included in the selection together 
the Location module.

Components

<First Tank> The name or location index number of the starting tank in the range.

<Number of Tanks>The number of tanks in the selection range (limit 10).

<Selection Rule> The rule for making the selection may be one of the following:

Tank_InOrder  (selects the first blocked tank encountered)

Tank_LongestBlocked (selects the tank blocked the longest)

<Minimum Level>The minimum level of the input tank before considering it for selection. 
the tank must be full before considering it for an input source, enter 

<Product Type>An integer specifying the required value for the Product array in order to se
the tank. Enter 0 if the tank selection requires no product type match

A tanker arrives at a pick up station to load from one of 5 tanks depending on wh
tank has been full the longest. The tanker will fill from a partial tank if the tank ha
any contents at all (at least .1 gallons). To model the tank selection, define the fo
ing operation logic for Tanker at PickUpStation:

INT SelectedTank
Selected_Tank=Tank_SelectInput(Tank1, 5, Tank_LongestBlocked, .1, 0)

See Also Selecting from Multiple Input or Output Tanks  on page 394.
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Tank_UpdateStats

Syntax TANK_UPDATESTATS (<Tank ID>)
TANK_UPDATESTATS (TankA) 

Description ProModel calls this subroutine automatically whenever you call any of the 
defined subroutines that affect the tank level. If you change the value of th
Tank_Level directly, call the Tank_UpdateStats subroutine afterward. This
subroutine updates the current statistics on the tank and sets the state to 
Tank_Filling (if filling), Tank_Emptying (if emptying), Tank_Blocked (if full), 
or Tank_Idle (if empty).

You should not need to use this subroutine unless you defined a customiz
Tank_Empty, Tank_Fill, or Tank_Transfer subroutine.

Components

<Tank ID> The tank name or location index number.
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Tank_Rate

Syntax TANK_RATE (<FROM tank ID>, <TO tank ID>)
TANK_RATE (TankA, TankB) 

Description ProModel calls this subroutine automatically if you pass a 0 value as the F
Rate when using the Tank_Empty or Tank_Transfer subroutine. To return 
desired rate value, enter the necessary logic in the subroutine—ProModel
the subroutine with each time step. A return value of 0 terminates the flow 
returns the remaining amount in the Tank_QtyLeft variable.

Components

<FROM Tank>The name or location index number of the FROM tank (this value should b
if there is no FROM tank).

<TO Tank> The name or location index number of the TO tank (this value should be 0
there is no TO tank).

TankA fills with 10,000 gallons at a rate of 60 gpm until it reaches a level of 9,70
gallons. Then it fills at a rate of 30 gpm. To model this change of rate, define the
lowing logic in the Tank_Rate subroutine:

IF Tank_ToID=TankA
THEN IF Tank_Level[TankA]<9700

    THEN RETURN 60
    ELSE RETURN 30

Now when you fill TankA, enter the following:

Tank_Fill(TankA, 10000, 0, 0)

The first 0 in the expression above causes the logic defined in the Tank_Rate su
tine to execute and determine the flow rate.

See Also Varying the Transfer Rate  on page 396.
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7.10.4 Pre-defined Data Elements

The ProModel tank submodel provides the following data elements for modeling
tanks. Unless otherwise specified, all arrays are single-dimensional and of type 
ger. Initially, these arrays are 100 elements in size to allow for up to 100 location
you define more than 100 locations, you will need to enlarge the array or place t
toward the beginning of the location list (within the first 100 locations). 

Tank_Level array    Stores the level of each tank. Since the values in this array 
directly control the tank gauge and tank statistics, the array MUST be present in e
tank model. 

Tank_State array    Tracks the state of the tank. 

Tank_Product array    An optional array used to record or test the product curren
at a tank.

Tank_Statistics array    A two-dimensional array of type real used to record tank
level statistics whenever the level changes. Generally, you will never need to refe
ence this array since values automatically update when you use the pre-defined
subroutines. All times are in default time units. ProModel always gathers these s
tics but reports them only if you check Basic or Time Series statistics for the tank
location. 

Column Description Reset After Warm-up

1 Last level NC

2 Last change time Current Time in minutes

3 Cum time-weighted level 0

4 Entries Value of column 1

5 Max contents Value of column 1

6 Last State Change Current time in minutes

7 Cum time Idle 0

8 Cum time Operation 0

9 Cum time Setup 0

10 Cum time Filling 0

11 Cum time Emptying 0

12 Cum time Blocked 0

13 Cum time Down 0

14 Current downtime count NC
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As shown in the previous table, the statistics collected in the Tank_Statistics arra
automatically reset after any warm-up period. ProModel reports output statistics 
under Location statistics and Location States by Percentage. When reporting Loc
statistics for tanks, note the following:

• Total Entries   The number of units (e.g., gallons, pounds) to enter the tank

• Avg Minutes Per Entry   Left blank since there is no individual entry for a tan

Tank_Fills  array    An optional array used to track the number of transfers to a ta
This is especially useful when you activate multiple Tank_Fill or Tank_Transfer s
routines for a tank and you wish to know when the fills are complete. The user se
value of Tank_Fills to zero before activating the subroutines, then defines a WAIT
UNTIL statement after the ACTIVATE statement. The Tank_Fills array increment
automatically when a Tank_Fill or a Tank_Transfer subroutine executes. See Mixing 
and Reactor Tanks  on page 391 for additional information.

Statistics

TS = Tank_Statistics array
n = Location index number of tank

Calculating Location Statistics for Tanks

Entries = TS [n, 4]
Avg. Time per Entry = (not applicable)
Avg. Contents = TS[n,3] / Scheduled Time
Max Contents = TS [n,5]
Current Contents = TS [n,1]
Utilization=100 x TS[n,3] / (Capacity x Sim Time)

Calculating Location State Statistics for Tanks

%Operation = 100 x TS[n, 8] / Scheduled Time
%Setup = 100 x TS[n, 9] / Scheduled Time
%Idle = 100 x TS[n, 7] / Scheduled Time 
%Waiting = 100 - Sum of other percentages
%Blocked = 100 x TS[n, 12] / Scheduled Time
%Down = 100 x TS[n, 13] / Scheduled Time

To gather statistics on how much of a particular product was processed, you ma
define variables to record product processing during the simulation.
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--------------------------------------------------------------------------------
General Report
Output from N:\NR\TANKS\Tankfil1.mod
Date: Sept/20/1998   Time: 11:47:36 AM
--------------------------------------------------------------------------------
Scenario        : Normal Run
Replication     : 1 of 1
Simulation Time : 40 hr
--------------------------------------------------------------------------------
LOCATIONS
                                          Average                                      
Location  Scheduled              Total    Minutes   Average   Maximum   Current        
Name          Hours  Capacity  Entries  Per Entry  Contents  Contents  Contents  % Util
--------  ---------  --------  -------  ---------  --------  --------  --------  ------
Tank1            40      1000        1          -         0         0         0    0.00
Tank2            40      1000        0          -         0         0         0    0.00
Tank3            40      1000        0          -         0         0         0    0.00
Pipe             40         1        0          -         0         0         0    0.00
Delivery         40         1        0   0.000000         0         0         0    0.00

LOCATION STATES BY PERCENTAGE (Single Capacity/Tanks)
Location  Scheduled          %      %       %        %        %     %
Name          Hours  Operation  Setup    Idle  Waiting  Blocked  Down
--------  ---------  ---------  -----  ------  -------  -------  ----
Pipe             40       0.00   0.00  100.00     0.00     0.00  0.00
Delivery         40       0.00   0.00  100.00     0.00     0.00  0.00
Tank1            40       0.00   0.00   16.67    66.67    16.67  0.00
Tank2            40       0.00   0.00   19.58    60.42    20.00  0.00
Tank3            40       0.00   0.00   24.58    75.42     0.00  0.00

FAILED ARRIVALS
Entity  Location   Total
Name    Name      Failed
------  --------  ------
Tanker  Delivery       0

ENTITY ACTIVITY
                          Average  Average    Average    Average  Average
                 Current  Minutes  Minutes    Minutes    Minutes  Minutes
Entity  Total   Quantity       In  In Move   Wait For         In         
Name    Exits  In System   System    Logic  Res, etc.  Operation  Blocked
------  -----  ---------  -------  -------  ---------  ---------  -------
Tanker      0          0        -        -          -          -        -

ENTITY STATES BY PERCENTAGE
              %          %                       
Entity  In Move   Wait For             %        %
Name      Logic  Res, etc.  In Operation  Blocked
------  -------  ---------  ------------  -------
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7.10.5 Defining Tank Control Subroutines

Unlike defining entity activity at a location (defined in the Processing module), m
eling tank location activity requires the use of subroutines. Many of these subrou
are user-defined and called using the ACTIVATE statement. Though you genera
activate them from the initialization logic, you may also activate them from anoth
tank subroutine. Tank subroutines consist of logic defined to control when, where
and how much to empty, fill, or transfer from a tank. Often, these subroutines req
the use of WAIT UNTIL statements to monitor conditions (e.g., the tank level or 
state) before making a transfer and may include delays for mixing or cleaning.

At a minimum, you should define a separate control subroutine for any logic that
cutes independently of any other logic. For example, if TankA fills TankB at the sa
time TankB transfers to some other tank, you should define two separate subrou
since both sets of logic must be capable of executing independently of each othe
the other hand, if the logic associated with two tanks is interdependent, only one
trol subroutine is necessary. For example, if TankA fills TankB while TankB waits
then TankB pumps out while tank A waits, you need only a single control subrou
since you control both tanks by a single logic sequence. If a single tank feeds se
other tanks independently, you would need a separate subroutine to control eac
put. In most cases, you will need at least one control subroutine per tank and, in
certain situations, you may wish to use a hierarchical control system (i.e., a mas
supervisory control subroutine) to activate subordinate subroutines.

Most tank control subroutines should be activated subroutines. In contrast to called 
subroutines, activated subroutines use the ACTIVATE statement and cause the log
activating the subroutine to continue independently of the activated subroutine. T
allows you to execute multiple control subroutines concurrently. Multiple tanks w
identical control logic may share the same control subroutine if you activate the 
routine for each tank and pass the tank ID as a parameter.

One of the keys to modeling interactive tank behavior is to effectively use WAIT 
UNTIL statements. When you use WAIT UNTIL statements based on the Tank_L
array, use them sparingly since this array changes frequently and may slow the 
simulation. 
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7.10.6 Examples of Tank Control Logic

The following examples show how to model different tank and flow situations. Fo
full models illustrating these situations, see PROMOD4\MODELS\REFS.

Filling from an Entity

A typical tank modeling situation is the arrival of an entity (e.g., a tanker or other
vehicle) to deliver its contents to a tank. To model this situation, define an arrival
routing for the entity, causing it to enter the location where it will make its delivery
the entity processing logic at the delivery location, call the Tank_Fill subroutine. 
calling rather than activating the subroutine, you will detain the delivering entity unt
Tank_Fill executes. Note that the material does NOT route from the delivery loca
to the tank. Instead, the Tank_Fill subroutine simply fills the tank with a specified
quantity while the entity waits. Unless the quantity is a constant amount, it is usu
a good idea to use an entity attribute to store this quantity value. After filling the 
tents into the tank, the entity is free to continue processing.

To illustrate how an entity might transfer its contents to a tank, suppose an entity
Tanker, arrives at a location, Delivery, carrying a quantity of gallons stored in an 
entity attribute called Tanker_Qty. The tanker discharges its contents into a tank,
ReceivingTank, at a rate of 200 gallons per minute. Once the ReceivingTank bec
full, the level must drop to 1000 gallons before filling resumes. Since the entity is 
up while it discharges into the tank, use the following statement in the processin
logic for Tanker at Delivery to define the logic used to fill the tank:

Tank_Fill (ReceivingTank, Tanker_Qty, 200, 1000) 

The above statement causes each arriving tanker to wait until the quantity stored
Tanker_Qty attribute adds to the ReceivingTank. Once the tanker delivers this qu
tity, it is free to execute the routing defined for it at the Delivery location.

Initializing and Replenishing Supply Tanks

A supply tank is an originating tank that is a source of raw material for one or mo
downstream tanks. Often, supply tanks contain ingredients that feed into a mixin
tank or hold chemicals that feed into a reactor. Typically, you replenish a supply 
when it gets low and make it available for use whenever it has an adequate supp
you always stock the supply tank and it is always available for use, you do NOT 
to model it since it poses no constraint on the process. You may set supply tanks
initial level at the start of the simulation in the initialization logic, then use them a
needed by a mixing or other downstream tank. To initialize the level in a supply t
enter the following statement in the initialization logic:

Tank_SetLevel (<supply tank>, <qty>)
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If, for example, you wanted to begin the simulation with the supply tank, WaterTa
filled with 800 gallons of water, you would enter:

Tank_SetLevel (WaterTank, 800)

To gradually fill or refill a supply tank whenever it drops below a trigger level, use 
Tank_Fill subroutine with a large fill quantity and an appropriate resume level. Fo
example, the following statement will continue pumping up to 999999 units into 
TankA at a rate of 200 units per minute. Whenever the tank becomes full, it must 
to 400 units before filling resumes. 

Tank_Fill (TankA, 999999, 200, 400)

Mixing and Reactor Tanks

Mixing and reactor tanks receive material usually from one or more supply tanks
Once it receives the material, the tank may require a mixing or other reaction tim
illustrate, suppose we have two tanks (Tank1 and Tank2) supplying ingredients t
tank called MixingTank. First, workers pump 2000 gallons of a liquid from Tank1
50 gallons per minute followed by the transfer of 300 pounds of dry mix from Tan
at 20 pounds a minute (the dry mix adds .2 gallons to the level of the MixingTank
every pound transferred, equating to 4 gallons per minute). The ingredients then
for 15 minutes before transferring to an idle storage tank. After transferring the m
workers must clean the MixingTank for 50 minutes to prepare it for the next mixin
cycle. 

The control logic for the mixing tank should be a subroutine activated from the in
ization logic which continues to loop throughout the simulation. The subroutine lo
might appear as follows:

Tank_Loop // Continues to loop until the simulation ends
BEGIN
Tank_Transfer (Tank1, MixingTank, 2000, 50, 0, 0) 
Tank_Transfer (Tank2, MixingTank, 300, 20, 4, 0) 
Tank_DoOperation (MixingTank, 15) // Mixing time
Wait Until Tank_State [StorageTank] = Tank_Idle /* Waits for 

storage tank availability*/
Tank_Transfer (MixingTank, StorageTank, Tank_Level[MixingTank],

40, 0, 0) 
Tank_Prep (MixingTank, 50) // Clean mixing tank for 50 minutes.
END
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If the ingredients feed into the mixing tank at the same time rather than sequent
activate the Tank_Transfer subroutines for the mixing tank and monitor the 
Tank_Fills array to know which ingredients enter into the tank. For simultaneous 
replace the first two transfer statements following the BEGIN statement in the pr
ous subroutine with the following logic:

Tank_Fills[MixingTank]=0
ACTIVATE Tank_Transfer(Tank1, MixingTank, 2000, 50, 0, 0)
ACTIVATE Tank_Transfer(Tank2, MixingTank, 300, 20, 4, 0)
WAIT UNTIL Tank_Fills[MixingTank]=2
.
.
.

Emptying to an Entity

Often, tanks deliver material to discrete entities such as containers (or perhaps t
material itself converts to discrete entities through a solidification or consolidatio
process). In either case, you can draw from the delivery tank using the Tank_Em
subroutine if outflow is gradual and defined by a flow rate, or the Tank_Dec subr
tine if the output occurs in discrete intervals based on a bottling or packaging tim

To output material from a tank without modeling the entity to which it outputs, ca
the Tank_Empty or Tank_Dec subroutine. To transfer material from a tank to ent
arriving at a filling station (remember, the filling station itself is NOT a tank), route
the entities to the filling station using a SEND or other routing rule, then call the 
Tank_Empty or Tank_Dec subroutine. 

If using the Tank_Dec subroutine, the entity should wait for the fill time before 
decreasing the tank level since Tank_Dec happens instantly. For example, if a bottling 
operation fills a 2 gallon container every 6 seconds, define the following process
logic for the container at the fill station:

Wait 6 sec 
Tank_Dec (Filler, 2) 

If the delivery tank has insufficient contents to decrease the level by the specified
amount, the processing will automatically pause until enough material is availab
Once the specified quantity empties, the entity can continue processing. To crea
entity as the result of an emptying operation, define an activated subroutine that
ties the desired quantity, then execute an ORDER statement. This will create a n
entity at the filling station. 
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Tank Transfers

When transferring from one tank to another, you must determine whether the so
tank makes the decision to transfer to the destination tank (a push approach) or 
whether the destination tank makes the decision to draw material from a source 
(a pull approach). You should define a control subroutine from the perspective of
tank that makes the decision. If the model requires no tank selection, specify a W
UNTIL statement to wait until the FROM or TO tank satisfies the condition requir
for transfer. For example, if a source tank makes the decision to transfer to a des
tion tank whenever the destination tank becomes idle, enter the following stateme
the subroutine:

Wait Until Tank_State [<destination tank ID>] = Tank_Idle

If the destination tank makes the decision to transfer (a pull approach), you shou
base the WAIT UNTIL statement on a required condition for the source tank as 
follows:

Wait Until Tank_State [<source tank ID>] = Tank_Blocked

Following the WAIT UNTIL statement, call the Tank_Transfer, Tank_TransferUpT
or Tank_TransferDownTo subroutine to transfer from the source tank to the dest
tion tank. 
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To illustrate how to define a tank transfer using a pull approach, suppose that Ta
requires 1000 gallons from TankA whenever TankB becomes empty. TankB will d
material from TankA only when TankA has a minimum level of 1000 gallons. The
subroutine to define this logic might appear as follows:

Tank_Loop   // Causes the logic to be repeated during entire simulation.
Begin
Wait Until Tank_Level[TankA] >= 1000 /*Wait for TankA to reach 

1000 gallons*/
Tank_Transfer (TankA, TankB, 1000, 200,0,0) /* Transfer 1000 gal 

to TankB at 200 gpm*/

[Enter TankB processing and emptying logic here]

End

To select from among multiple input or output tanks, activate this subroutine in th
initialization logic.

Selecting from Multiple Input or Output Tanks

To enable one or more tanks to select from several input or output tanks, use the
defined subroutine Tank_SelectInput or Tank_SelectOutput (see subroutine des
tions). ProModel bases tank selection on which tank is ready to transfer or receiv
that has the same ProductType array value. You must list the tank selections tog
in the Location module. 

For example, if TankX selects from among three input tanks (Tank1, Tank2, and 
Tank3) based on which input tank has waited the longest to discharge its content
would enter the following logic in the control subroutine defined for TankX:

Int SelectedTank
SelectedTank = Tank_SelectInput(TankX, Tank1, 3,

Tank_LongestBlocked, 0)

The first statement defines a local variable, SelectedTank, used to assign which 
you select. The second statement calls the SelectInput subroutine specifying tha
TankX is to select one of three tanks beginning with Tank1. Tank_LongestBlocke
causes TankX to select the tank blocked the longest (i.e., tank is full or waiting). 
Entering 0 at the end prevents selecting a full tank. If no tank is full, the stateme
does not execute until one of the input tanks fills. With a tank ID assigned to Sele
Tank, you can call a transfer subroutine to make the transfer.

�Note
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For output tanks, you would define similar logic but include Tank_SelectOutput 
instead of Tank_SelectInput. 

Split Transfers

Sometimes it is necessary to use a tank or separator to split the flow to several o
tanks. To define the concurrent transfer of material from one tank to multiple tan
define an activated subroutine for each transfer. Suppose, for example, that whe
TankA fills it begins transferring to TankB at a rate of 30 gpm and to TankC at a r
of 40 gpm. To know when both transfers are complete, define a global variable (
TransferDone) which increments at the end of each transfer. Defining the followi
logic would initiate this split transfer once TankA is full:

ACTIVATE TransferToB () // initiates transfers from A to B
ACTIVATE TransferToC () // initiates transfers from A to C
WAIT UNTIL TransferDone = 2 // Wait until transfers are complete
TransferDone = 0 // reset for next transfer

The subroutines TransferToB and TransferToC would each execute a 
Tank_TransferDownTo command followed by a statement incrementing the valu
TransferDone. For example, the logic for TransferToB would be as follows:

TransferDownTo(TankA, TankB, 0, 30, 0)
INC TransferDone
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Varying the Transfer Rate

The transfer or empty rate can change dynamically during an empty, fill, or trans
To vary the rate of flow, pass 0 as the flow rate when calling any of the transfer, fil
empty subroutines. This calls the Tank_Rate subroutine automatically with each
step. You should modify the Tank_Rate subroutine so that it returns the appropri
rate value. 

Suppose, for example, that TankA transfers to TankB at a rate that decreases fro
gpm to 50 gpm when the level of TankB reaches 4000. To achieve this, pass 0 a
From Rate when you call the transfer subroutine, then enter the following logic in
Tank_Rate subroutine:

IF (Tank_FromID = TankA) AND (Tank_ToID = TankB)
THEN IF Tank_Level[TankB] >= 4000
THEN RETURN 50
ELSE RETURN 150

Dynamically Suspending Flow

To momentarily interrupt flow into or out of a tank, use the Tank_GoDown subrou
or set the state of the tank to down (Tank_SetState = Tank_Down). This typically
pens if a pump fails but may occur in other situations.

Dynamically Terminating a Flow

Normally, the flow into or out of a tank stops once you reach the desired quantity
level. However, in some situations you may wish to terminate a transfer if some e
or condition occurs that you cannot predetermine (e.g., a decision to divert flow t
preferred outlet tank that just became available). In this case, you can turn off the
into or out of a tank by specifying a variable transfer rate instead of a fixed trans
rate (see Varying the Transfer Rate). A variable transfer uses the Tank_Rate subrou
tine to determine the rate for each time step—to terminate a transfer, return a ra
value of 0. 
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Defining Trigger Levels

A trigger level is a level to which material in a tank either falls or rises and trigge
some action. To continuously monitor when a tank reaches a trigger level, define
activate a trigger subroutine in the initialization logic. The subroutine should call 
Tank_RiseTrigger or Tank_FallTrigger depending on whether the associated act
should execute when the tank level rises or falls to a certain level. 

To show how to define a trigger subroutine, suppose that whenever TankA rises 
2000 gallons, an entity called Truck travels to a location called Pickup. The logic
this trigger subroutine might look as follows:

Tank_Loop // causes logic to repeat for entire simulation.
Begin
Tank_RiseTrigger (TankA, 2000) /* waits for TankA to rise to 2000

units*/
Order 1 Truck to Pickup // order a Truck to Pickup
End

Once the tank reaches the trigger level, the Tank_RiseTrigger subroutine preven
ther triggering until the level drops back below the trigger level first. 

When you use trigger subroutines, use them sparingly because they are CPU inten-
sive. Every time the tank level changes, ProModel tests to see if the tank reache
trigger level. Trigger subroutines are often unnecessary because, unlike an actua
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where sensors report the tank level, you directly control how much to pump into 
tank. For instance, an alternative way to model the previous example without usi
triggering subroutine would be to call the Tank_TransferToLevel subroutine to fir
fill the tank to the 2000 unit level, order the Truck entity and then transfer the res

Processing Multiple Products

Where you must track several different products through one or more tanks, it ma
useful to define macros for naming each product type. For example, setting Prod
equal to 1 and ProductB equal to 2 will improve the readability of the model. To tr
which product a particular tank is processing, ProModel uses a pre-defined integ
array called Tank_Product—the user is responsible for maintaining the array val
If, for example, ProductA begins pumping into Tank1, enter the following after yo
assign an integer value to ProductA in the Macros module to distinguish it from o
products:

Tank_Product [Tank1] = ProductA

Showing Pipes

To show pipes connecting the tanks, use paths or background graphics. If you d
to show the material in the pipe, use a long, skinny tank with a capacity of 1 to re
sent the pipe. You can set the level of this tank to 0 or 1 to show product flow. Fo
example, suppose we define a tank location called Pipe used to represent the co
tion between Tank1 and Tank2. Whenever transferring from Tank1 to Tank2, you
would enter the following:

Tank_SetLevel (Pipe,1)
Tank_Transfer (Tank1, Tank2, ….)
Tank_SetLevel (Pipe, 0)

High-Rate Entity Processing

For systems that process entities at rates higher than one hundred units per min
using discrete entities could make the simulation extremely slow. For this reason
Model uses tanks. To use a tank to model high-rate processing, think of the tank
buffer where the tank level represents the number of items in the buffer. For exam
suppose that bottles feed through a filling station at a rate of 110 per minute. Th
input buffer, FillerInput, has a capacity of 1200 bottles and the output buffer, Fille
Output, has a capacity of 2000 bottles. If FillerOutput is full, processing stops un
the quantity in the output buffer drops to 1500 bottles. An arriving container feed
quantities of 200 bottles to the FillerInput location and it takes 1 minute to unload
container. When the filling station fills 50 bottles, workers put the bottles into a bo
(represented by an entity) and ship them. Since workers load the boxes as soon
bottles complete the filling process, there is no delay time involved.
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The operation logic for the container at the arriving location would be as follows:

WAIT 1 min
Tank_Inc (FillerInput, 200)

To model the processing of bottles from FillerInput to FillerOutput, enter the follo
ing statement in the model initialization logic.

ACTIVATE Tank_Transfer(FillerInput, FillerOutput, 999999, 110, 0, 1500)

This statement causes the FillerInput tank to transfer bottles to FillerOutput at a 
of 110 per minute whenever there are bottles in FillerInput and capacity available
FillerOutput. The resume level is 1500. (Up to 999999 bottles will transfer.)

To model the creation of a 50-bottle box each time the filling station fills 50 bottle
define and activate the following subroutine in the model initialization logic:

Tank Loop //causes logic to repeat continuously
{
Tank_Dec(FillerOutput, 50)
Order 1 Box to Shipping
}

The Tank_Dec statement automatically removes 50 bottles from FillerOutput wh
ever there are at least 50 bottles available.

Special Notes

• Since tank models do not stop automatically when there are no more entiti
scheduled arrivals, remember to define a run length or a STOP statement.

• When you activate a subroutine, it doesn't process until the current logic (t
one activating the subroutine) finishes or becomes blocked. It you want th
activated subroutine to process first, enter “WAIT 0” after the ACTIVATE 
statement.

• Do not define a local variable inside of a Tank_Loop since the loop will cre
the variable multiple times.

• Make sure all IF...THEN logic and WAIT UNTIL statements based on the 
Tank_Level array use the “>=” or “<=” operator and not just an “=” operato
(This is because flow occurs in increments and you can’t check for an exa
value.)

• Tanks are not legal in multi-unit locations or in locations containing a conve
or queue.

�Note
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7.11 Background Graphics
Background graphics allow you to enhance a model by adding a background to 
animation. A background could show a floor-plan of a factory or any item that is 
part of a location, entity, or resource. Backgrounds can be created using the too
the Background Graphics Editor or by importing an existing background from ano
application, such as AutoCAD. Imported graphics must have been saved in one o
following formats BMP, WMF, GIF, or PCX. The Background Graphics Editor is 
accessed from the Build menu as shown below.

There are two modes for editing in the Background Graphics Editor: Front of Gri
and Behind Grid. Generally, most graphics should be laid out in front of the grid.
Graphics placed behind the grid should be reserved for large objects such as wa
imported backgrounds. 

Create or edit background graphics:

1. Select Background Graphics from the Build menu.

2. Select Front of Grid or Behind Grid depending on the mode desired.

� How To
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7.11.1 Background Graphics Editor Modes

ProModel gives you the option of placing the background graphic in front of or 
behind the grid. This is useful when you want to view the imported background 
graphic, but you also want to see the grid for drawing and sizing objects on the 
imported background graphic. 

Front of Grid Mode

Creating graphics in this mode places the background graphic in front of the grid
shown below.
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Behind Grid Mode

Creating graphics in this mode places the background graphic behind the grid a
shown below.

All floor-plans should be imported, designed or drawn in the “Behind Grid Mode”
and all remaining graphics placed on the layout in “Front of Grid Mode.” This pre
vents you from accidentally moving the background graphic while editing other 
elements of the model. 
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7.11.2 Background Graphics Editor

The Background Graphics Editor allows you to place icons, text and other graph
shapes on the layout behind locations and other system element graphics. The 
arrangement of the two windows and button bar is shown below.

• The Library Graphics window, containing all the icons in the current graph
library, is located at the top of the workspace.

• The Tools button bar, where you may select a tool for creating and editing
graphic shapes, is located at the left of the workspace.

• The Layout window, where all creating and editing of graphic shapes is do
is located in the lower right portion of the workspace.
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Library Graphics Window

The Library Graphics window contains the icons of the current graphic library file
specified in the General Information dialog. These icons may be placed on the La
in the same way as other objects.

You may size the window as desired, or use the scroll bar shown above to scroll
through the available icons.
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Tools Button Bar

The Tools button bar contains the tools necessary to create objects various shap
also contains tools for editing those objects including flip, rotate, and cut.

The Background Graphics Editor Tools button bar is the nearly the same Tools b
bar used in the Graphic Editor. The only difference is that the Background Graph
Editor Tools button bar does not contain an entity spot or status light tool. For mo
information see Graphic Tools Button Bar  on page 535.

Edit Menu

Use the Edit menu for selecting and duplicating the graphic objects in the curren
Background Graphics mode. You may also use it to exchange graphics with othe
applications. To use the Edit menu functions, select the object you wish to edit b
clicking on it in the Layout window.

The first four functions apply to the currently selected object. To select multiple 
objects, hold the shift key while selecting an object. Alternatively you can drag a 

Selector

Drawing Tools

Editing Tools
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angle encompassing the objects you want selected. To deselect one of several s
objects, click on the selected object while holding the shift key.

Cut   Removes the selected object(s) and makes a temporary copy that may be p
back into the edit window later.

Copy   Makes a temporary copy of the selected object(s) for later pasting.

Paste   Adds the most recently cut or copied object(s) to the Layout window.

Delete   Deletes the selected background graphic from the Layout window.

Select All   Selects all of the graphic objects in the current mode.

Copy to Clipboard   Copies all graphic objects in the current mode to the clipboa
as a bitmap or windows metafile so they can be pasted into another application s
as a word processor.

Paste WMF   Pastes a Windows metafile (WMF) from the Windows clipboard int
the Layout window. You must have previously copied a Windows metafile to the W
dows clipboard.

Paste BMP   Pastes a bitmap file (BMP) from the Windows clipboard into the La
out window. You must have previously copied a bitmap file to the Windows clipbo

Import Graphic   Imports a WMF, BMP, PCX, or GIF file into the Layout window

Export Graphic   Exports all graphic objects in the current mode to a WMF or BM
file.
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Importing a Graphic

Importing a background graphic can bring reality into the model. For example, if 
layout is created in a graphic package, it may be desirable to import the entire la
rather than create it in ProModel. This is done by saving the file in a graphic pack
such as AutoCAD, as a WMF, BMP, PCX, or GIF file and importing the graphic in
ProModel. This can save you an extensive amount of time. 

Import a background graphic into the layout:

1. In a graphics application, save the graphic in one of the following formats, 
WMF, BMP, PCX, or GIF.

2. Select Background Graphics from the Build menu.

3. Select Front of Grid or Behind Grid .

4. Select Import Graphic  from the Edit  Menu.

5. Enter the name of the graphic you would like to import.

6. Select OK to close the import graphic dialog box. The graphic will then 
appear in the layout window. The upper left corner of the imported graphic 
will align with the upper left corner of the layout window.

To move an imported background graphic:

• Place the cursor on the imported background graphic and drag it to the 
desired location in the layout.

To size an imported background graphic:

1. Place the cursor on one of the four corners of the imported background 
graphic. The cursor becomes a cross-hair at this point.

2. Drag the cursor to size the background graphic as desired.

Once imported, the background graphic is not a separate file from the model. It i
included in the model. Therefore, when moving or copying a model file from one
directory to another, it is not necessary to move or copy the imported backgroun
graphic file as well. On the other hand, if the external graphic file is changed, it m
be re-imported to update the model layout. 

� How To

� How To

� How To

� Note
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Exporting a Graphic

In some cases, it is desirable to export a graphic created in ProModel for use in 
another application. ProModel will export all objects in the current mode (In Fron
Grid or Behind Grid) as one graphic to a WMF or BMP file.

Export a graphic:

1. Select Export Graphic  from the Edit  menu.

2. Enter a valid DOS name for the graphic in the resulting dialog box, such 
as forklift.bmp.

3. Click the OK button in the Export Graphic dialog box.

Graphics Menu

The Graphics Menu allows you to flip and rotate the selected graphic object(s) in
layout window. It also allows you to specify whether you want the graphic to be 
behind or in front of the grid. Additionally, it allows you to group selected graphic
objects together into a single graphic. Finally, it provides the option to define line
styles, fill patterns, line color, and fill color.

Flip Horizontal    Horizontally flips the selected object(s).

Flip Vertical   Vertically flips the selected object(s).

Rotate   Rotates the selected object(s) 90 degrees clockwise. This does not app
non-true-type fonts.

� How To
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Behind Grid   Moves the selected object in the layout window behind the grid. O
this is done, you must go to Behind Grid mode to edit the graphic.

Front of Grid   Moves the selected object in the layout window in front of the gri
Once this is done, you must go to Front of Grid mode to edit the graphic.

Group   Combines or groups several graphic objects into a single graphic so the
may be sized and edited together.

Ungroup   Ungroups several grouped graphic objects so they may be edited 
individually.

Line Styles   Allows the user to define the line style including transparent, dashe
line thickness, and optional arrowheads on either end of the line. If any objects a
selected, the line styles of the selected objects are changed.

Fill Patterns   Allows the user to define the fill pattern for solid objects including 
slant, grid, crosshatch, backward slant, horizontal, vertical, transparent, solid, ve
gradient, and horizontal gradient. If any objects are selected, the fill patterns of t
selected objects are changed.

Line Color   Allows the user to define the line color and create custom colors. If 
objects are selected, the line color of the selected objects are changed.

Fill Color   Allows the user to define the fill color and create custom colors for so
objects. If any objects are selected, the fill color of the selected objects are chan

All functions in the Graphic menu of Background Graphics are nearly the same f
tions described in the Graphic Editor Graphic menu. Differences are noted below
moving a graphic behind the grid and in front of the grid. See Graphic Editor  on page 
515 for more information on the above functions.

Move a graphic behind the grid:

1. Select the graphic on the layout using the selector.

2. Select Behind Grid from the Graphics  menu.

Move a graphic in front of the grid:

1. Select the graphic on the layout using the selector.

2. Select Front of Grid from the Graphics  menu.

� Note

� How To

� How To
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	Defining General Elements
	7.0.1 Build Menu
	Access the Build Menu:
	• Select Build from the menu options bar.



	7.1 Locations
	Create and edit locations:
	• Select Locations from the Build menu. The Locations Editor appears.
	or...
	• Right click on the existing location and select Edit.


	7.1.1 Locations Editor
	7.1.2 Location Edit Table
	7.1.3 Location Graphics Window
	New mode
	Define a new location graphically:
	1. Check the New Box in the Location Graphics window.
	2. Select a location symbol or icon from the Location Graphics window.
	3. Click on the Layout window where you want the location to appear.
	4. A new record is added automatically to the Location edit table. You may now change the default...

	Define multiple locations, each with the same graphic:
	1. Check the New box inside the Location Graphic window.
	2. Select the desired graphic.
	3. While holding down the shift key, click on the layout where each location should appear.

	Move a location graphic on the layout:
	• Drag the graphic to the desired spot on the layout.

	Move all graphics defined for a single location:
	• Drag inside the dashed box surrounding the graphic (do not drag on an individual graphic inside...

	Move multiple graphics for two or more locations at once:
	1. Click outside of any graphic and drag to create a rectangle encompassing all of the graphics t...
	2. Drag the rectangle to the desired position on the layout.

	Delete a location:
	1. Select the location record to be deleted in the Location edit table.
	2. Select Delete from the Edit menu.
	or...
	1. Right click on the location graphic in the layout window.
	2. Select Delete [location name].


	Erase a location graphic:
	1. Select the location graphic to erase.
	2. Select the Erase button in the Location Graphics window or press the <Delete> key. The locatio...
	or...
	1. Right click on the location graphic in the layout window.
	2. Select Delete Graphic. The location graphic disappears, but the location record still exists i...


	Bring a location graphic into view that is off the layout:
	1. Highlight the record of the desired location in the Location edit table.
	2. Select the View button in the Location Graphics window or click on the icon heading button.


	Add mode
	Add an icon or symbol to an existing location:
	1. Uncheck the New Box in the Location Graphics window.
	2. Select a location symbol or icon from the Location Graphics window.
	3. Click on the Layout window where you want the additional icon to appear.
	4. The graphic or symbol is added to the location.



	7.1.4 Location Graphics
	Edit a graphic already on the layout:
	• Double click on the graphic
	or...
	1. Select the graphic.
	2. Click on the Edit button inside the Location Graphics window.

	or...
	1. Right click on the graphic in the layout.
	2. Select Edit Graphic from the menu.


	Counter Dialog Box
	Gauge/Tank Dialog Box
	Text Dialog Box
	Library Graphic Dialog Box
	Conveyor/Queue Dialog Box
	Conveyors
	Conveyor Graphics Display
	Conveyor Animation
	Define a conveyor graphically:
	1. Select the conveyor/queue symbol from the Location Graphics window.
	2. Left click on the layout where the conveyor should start.
	3. Add bends (i.e., joints) to the conveyor by moving the mouse and left clicking.
	4. Right click to end the conveyor.

	Create bends in an existing conveyor:
	1. Click on the conveyor with the right mouse button. From the menu that appears, select Add Join...
	2. Using the left mouse button, drag the square in the direction you desire to bend.
	Conveyor Options Dialog Box


	Queues

	7.1.5 Capacities and Units
	Capacities
	Units
	Multi-Capacity, Multi-Unit, and Multiple Locations
	Defining a Multi-Unit Location


	7.1.6 Location Downtimes
	Specify a location downtime:
	1. Select the desired location in the edit table.
	2. Click on the DTs... button. This brings up the downtime selection menu shown here.

	Clock Downtime Editor
	Entry Downtime Editor
	Usage Downtime Editor
	Setup Downtime Editor
	Location Priorities and Preemption
	Assigning priorities
	Example 1
	Example 2
	Example 3
	Example 4
	Example 5
	Example 6

	Special Notes Regarding Location Downtimes

	7.1.7 Rules Dialog Box
	Selecting Incoming Entities
	Queuing For Output
	Selecting a Unit
	Rules Dialog box Example


	7.2 Entities
	Access the Entities Editor:
	• Select Entities from the Build menu.
	or...
	• Right click on the existing entity and select Edit.


	7.2.1 Entities Editor
	7.2.2 Defining Entities
	Define entities graphically:
	1. Select Entities from the Build menu.
	2. Check the New box in the Entity Graphics window.
	3. Select an icon for the entity. (Use the Graphic Editor to create new icons.)
	4. Edit the name and other default entries for the entity in the Entity edit table.


	7.2.3 Entity Graphic Dimensions
	7.2.4 Defining Multiple Entity Graphics
	Define multiple graphics for an entity type:
	1. Uncheck the New box on the Entity Graphics window. Numbered graphic cells appear in the Entity...
	2. Click on the desired cell.
	3. Select a library graphic from the graphics menu.
	4. Repeat steps two and three until all the desired graphics have been assigned to the entity type.


	7.2.5 Preemptive Entities
	Example of Preemptive Entities


	7.3 Path Networks
	Create or edit a path network:
	• Select Path Networks from the Build menu.
	or...
	• Right click on the existing path network and select Edit.


	7.3.1 Path Networks Editor
	Create a Path Network graphically:
	1. Set the default time and distance values per grid unit from the Grid dialog box.
	2. Choose Path Networks... from the Build menu.
	3. Enter the name of the network in the Path Networks edit table.
	4. Select either Passing, Non-passing or Crane as the network type. (See cranes explained further...
	5. Select either Speed and Distance or Time as the travel basis.
	6. Click on the Paths... heading button to open the Path Segment edit table.
	7. Lay out the network using the mouse buttons as described below.

	Create path segments:
	1. Left click to create a node and begin a path segment.
	2. Additional left clicks produce path joints.
	3. A right click ends the segment and creates a new node.

	Modify path segments:
	To create a new path from an existing node
	• Left click on that node.

	To delete a joint
	• Right click on an existing joint.

	To add a joint
	1. Right click anywhere on a path segment.
	2. Select Add Node from the menu.
	3. Drag the joint to the desired position.

	To highlight a path on the layout and in the Path Segment edit table
	• Left click on that path.


	Create additional nodes or move existing nodes:
	1. Click on the Nodes heading button in the Path Networks edit table.
	2. Click the left mouse button to create a node on both the layout and in the Nodes edit table.
	3. Drag an existing node to move that node.

	Move a path network:
	1. Click on the Paths heading button in the Path Networks edit table.
	2. Left click on any path segment and drag to the desired position. The entire network will move.


	7.3.2 A Typical Path Network
	7.3.3 Path Segment Edit Table
	Automatic Time and Distance Calculation
	Set the default time and distance values per grid unit:
	1. Select Layout Settings from the View menu.
	2. Select the Grid Settings button.
	3. Click on the Scale... button in the Grid dialog box.
	4. Enter the time and distance values as shown below.



	7.3.4 Interfaces Edit Table
	Create location-node interfaces
	1. Left click on the desired node to begin rubber-banding a link or interface.
	2. Left click on the desired location to complete the interface.


	7.3.5 Mapping Edit Table
	Create mappings using the Mapping edit table:
	1. Click on the Mapping... heading button in the Path Network edit table. This will open the Mapp...
	2. Click on the From heading button and select the node to be mapped.
	3. Click on the To heading button and select the terminating node for the branch to be mapped.
	4. Click on the Destination heading button and select the desired node(s).

	Create mappings graphically:
	1. Click on the Mapping... heading button in the Path Network edit table. This will open the Mapp...
	2. Click on the from node in the Layout Window. This places the selected node in the From field.
	3. Click on the to node in the Layout Window. Note that the to node must be directly connected to...
	4. Click on the destination node(s) in the Layout Window. This places the selected node(s) in the...

	Mapping Example

	7.3.6 Nodes Edit Table
	7.3.7 Defining a Crane Envelope Path Network
	Define a crane envelope (path network):
	1. Select Crane as the network type from the path networks edit table. The following crane graphi...
	2. Click and drag the corner nodes to size and orient the crane envelope as desired. The rails al...
	3. To move the entire crane envelope while the Nodes window is open, click on any part of the bri...
	4. Edit the coordinate axis values in the Nodes window if necessary to reflect the actual dimensi...

	Movement Nodes
	Add nodes in the envelope:
	1. Click on the Nodes button to display the Nodes window unless the Nodes window is already open.
	2. Click inside the crane envelope in the layout window to add a new node.
	3. Edit the node name or coordinates as desired. If the coordinates you enter exceed the boundari...

	How to remove a node from the envelope:
	1. Click on the node record in the Nodes window.
	2. Select Delete from the Edit menu.


	Node-Location Interfaces
	Create a node-location interface:
	1. Click on the Interfaces button in the Path Networks edit table to open the Interfaces window.
	2. Left click on the desired node to begin rubber-banding a link or interface.
	3. Left click on the desired location to complete the interface.
	4. Repeat steps 2 and 3 for each node-location interface, or manually enter node and location nam...


	Envelope Graphics & Bridge Separation


	7.4 Resources
	To create and edit resources:
	• Select Resources from the Build menu.
	or...
	• Right click on the existing location and select Edit.


	7.4.1 Typical Use of Resources
	7.4.2 Resources Editor
	Resources Edit Table
	Resource Graphics Window

	7.4.3 Static Resources
	Define a static resource:
	1. Select Resources from the Build menu. This automatically brings up the Resources edit table an...
	2. Choose a graphic icon for the resource from the Resource Graphics window.
	3. Select the Add button in the Resource Graphics window.
	4. Click on the layout at the desired position of the resource graphic.
	5. Add additional resource graphics for the same resource if desired. Every time a resource graph...
	6. Supply any optional information about the resource, such as downtimes.


	7.4.4 Dynamic Resources
	Create a dynamic resource:
	1. Create a path network using the Path Network Editor.
	2. Select Resources from the Build menu. This automatically brings up the Resources edit table an...
	3. Choose a graphic icon for the resource from the Resource Graphics window.
	4. Click the Specs... button to open the Specifications Dialog.
	5. Assign a path network to the resource.
	6. If desired, place units of the resource on the layout by selecting the Add button in the Resou...
	7. Supply any optional information about the resource including number of units, downtimes, work ...


	7.4.5 Crane Resources
	Define a crane resource:
	1. Open the Resources module from the Build menu.
	2. Select a graphic for the hoist from the Resource Graphics window.
	3. Enter a name for your crane in the Resources edit table.
	4. Click on the Specs button in the edit table and set the path network to one of the previously ...

	Crane Specifications
	Using the Crane & Crane Priorities
	Animation & Run-time Features

	7.4.6 Multiple Resource Graphics
	Assign multiple graphics to a resource:
	1. Select Resources from the Build menu.
	2. Highlight the desired resource in the Resources edit table.
	3. Uncheck the New box in the Resource Graphics window.
	4. Click on the next blank resource graphic cell in the Resource Graphics window.
	5. Select the desired resource icon.
	6. Change the color, rotation, etc. of the new graphic by clicking on the Edit button.

	Multiple Resource Graphics Example

	7.4.7 Multi-Unit Resources vs. Multiple Single-Unit Resources
	Multi-Unit Resources
	Multiple Single-Unit Resources

	7.4.8 Resource Downtimes
	Define resource downtimes:
	1. Select Resources from the Build menu.
	2. Select the resource for which the downtime is to be defined.
	3. Click the DTs... button from the Resources edit table.
	4. Select the downtime basis: Clock or Usage.
	5. Enter the required information in either the Clock Downtime or Usage Downtime edit table. Each...

	Clock-Based Downtime
	Usage-Based Downtime

	7.4.9 Resource Priorities and Preemption
	7.4.10 Resource Shift Downtime Priorities
	7.4.11 Resource Preemption Matrix
	Example 1
	Example 2
	Example 3
	Example 4
	Example 5
	Example 6

	7.4.12 Resource Specifications Dialog Box
	7.4.13 Resource Search Routines
	Work Search Edit Table
	Park Search Edit Table

	7.4.14 Node Logic Editor
	Node Logic Example

	7.4.15 Resource Points
	Add resource points to a node:
	1. Select Resources from the Build menu.
	2. Click on the resource points heading button, Pts....
	3. Click on the node for which a resource point is to be added.
	4. Click on the layout where the resource point is to appear.
	5. Repeat steps 3 and 4 for each resource point to be added.

	Delete resource points:
	1. Bring up the Resource Points edit table by clicking on the Pts... heading button in the Resour...
	2. Select the point to be deleted by highlighting the edit table record or clicking on the resour...
	3. Select Delete from the Edit menu.

	Move resource points:
	1. Bring up the Resource Points edit table by clicking on the Pts... heading button from the Reso...
	2. Drag the resource point to a new location with the mouse.


	7.4.16 Resource Example

	7.5 Processing
	Create and edit process routings:
	• Select Processing from the Build menu.
	or...
	• Right click on the existing process routing and select Edit.


	7.5.1 Using the Processing Editor
	Example Model

	7.5.2 Defining Entity Processing
	Define entity processing graphically:
	1. Select an entity from the entity list in the Tools window. The selected entity will appear in ...
	2. Select the desired editing mode: New Process or Add Routing.
	3. Click on the first location where the entity will process. A rubber-banding routing line appea...
	4. To choose a different entity as the output entity, select the desired output entity in the too...
	5. Click the destination location.
	6. Repeat this process until the flow of entities has been completely defined except for exiting ...
	7. From the final processing location route an entity to Exit by clicking on the “Route to Exit” ...
	8. Once all routings have been defined, enter the processing logic in the operation field of the ...


	7.5.3 Processing Editor
	7.5.4 Process Edit Table
	Using the “ALL” Entity Type
	1. All entities have a common operation and a common routing.
	2. All entities have common operations but individual routings.
	3. All entities have a common routing but individual operations.


	7.5.5 Routing Edit Table
	Routing Rule Dialog Box
	Routing Move Logic

	7.5.6 Processing Tools
	New Process Mode
	Define a new process using the Tools window:
	1. Depress the New Process button.
	2. Select the entity for which a new process is to be defined from the Tools window.
	3. Click on the location where the entity will be processed in the layout window. A new process r...
	4. If a different entity is to be output from the process, select it from the Tools window.
	5. Click on the destination location. A new routing record appears in the edit table and the mode...

	Delete a process or routing record:
	1. Click inside the desired record in the Process or Routing edit table.
	2. Select Delete from the Edit menu.
	Editing a Routing Path


	Add Routing Mode
	Add additional routings to an existing routing block:
	1. Select the process record in the Process edit table that needs an additional routing line (you...
	2. If you wish to insert the routing record rather than simply append the record to the current r...
	3. Select the Add Routing button from the Tools window. A rubber-banding line is created.
	4. Select the entity in the Tools window to be output in this routing.
	5. Click on the desired destination location. This creates a new routing record in the Routing ed...

	Route a current entity to exit:
	1. Click the Add Routing button.
	2. From the Tools window, select the entity for which you want to define a new process.
	3. Click the Locations button in the process record dialog and select the location from which the...
	4. Add joints as needed to define the exit path.
	5. Click the Route to Exit button in the tools dialog.


	Find Process Mode
	Find a process for an entity at a location:
	1. Click on the Find Process button.
	2. Click on the desired entity type.
	3. Click on the desired location. The first process found for that entity type at the location wi...


	View Routing
	Snap Lines to Border
	Show Only Current Entity


	7.6 Arrivals
	Edit Arrivals
	• Select Arrivals from the Build menu.

	7.6.1 Arrivals Editor
	7.6.2 Arrivals Edit Table
	7.6.3 Defining Entity Arrivals
	Define arrivals graphically:
	1. Select Arrivals from the Build menu.
	2. Select the desired entity from the Tools window.
	3. Click in the layout window at the location where the entity is to arrive. (You may need to scr...
	4. Enter the specifications for the arrival record (e.g., arrival quantity, frequency, etc.).

	Define arrivals manually:
	1. Select Arrivals from the Build menu.
	2. Enter the Entity, Location, and Quantity through either the keyboard or by clicking on the res...
	3. Enter the First Time, Occurrences, and Frequency through either the keyboard or by clicking th...
	4. Click on the Logic or Notes heading button to enter desired logic or notes.


	7.6.4 Independent Arrivals
	Define independent arrivals:
	1. Open the Arrivals module from the Build menu.
	2. Click on the Entity button and select the entity type you want to schedule (e.g., truck, clien...
	3. Click on the Location button and select the location where you want the independent arrival to...
	4. Click on the Qty Each button and enter the number of entities to arrive at the scheduled time....
	5. Click on the First Time button to open the dialog used to define the independent arrival time ...
	6. In the offset field, enter any offset you wish to apply to the arrival time. This will direct ...
	7. In the variation and offset fields of the First time dialog, enter any optional distribution t...
	8. In the Occurrences field of the arrivals edit table, enter the number of times to repeat this ...
	9. If the number of occurrences you entered is greater than zero, enter a time interval in the fr...
	10. In the Logic field of the arrivals edit table, enter any attribute assignments you will use t...



	7.7 Shifts & Breaks
	7.7.1 Shift Definition
	Define a shift:
	1. Select Shifts from the Build menu.
	2. Select Define from the submenu.

	Shift Editor
	Shift Editor Menus

	Drawing a Shift or Break Block
	Draw a block:
	1. Click on the Shift or Break button to designate the type of block.
	2. Click and begin dragging the mouse from the day and time on the grid the block should begin.
	3. Release the mouse button at the time the block should end.


	Selecting a Block
	Select an existing block:
	• Click on the block. (A border appears to show that the block has been selected.)

	Deselect a block:
	• Click on the selected block or click on the white area of the window.


	Resizing a Block
	Resize a block:
	1. Select the block.
	2. Drag the border of the block until the block is the desired size.
	3. Release the mouse button.


	Editing the Begin or End Time
	Edit a block's begin or end time:
	1. Select the block.
	2. Adjust the begin or end time accordingly using the buttons at the bottom of the screen.
	3. Click on the Update button.


	Deleting a Block
	Delete a block:
	• Select a block and choose the Delete option from the Edit menu.
	or...
	• Select a block and press the Delete key on the keyboard.

	or...
	• Select a block and size it down until the highlight box is gone.



	Duplicating a Specific Day Shift
	Duplicate a shift block from one day to another day:
	1. Select any shift or break segment for the day you wish to duplicate.
	2. Select Duplicate from the Edit menu. The day of the week you have selected to duplicate is dis...
	3. In the shift schedule, click the mouse on the day you wish to copy the shift block to.


	Customizing Shift and Break Colors
	Change the color for shifts or breaks:
	1. Choose Colors under the Options menu. The colors dialog box will appear.
	2. Click on the Shift or Break button.
	3. Click on the desired color.
	4. Click OK.



	7.7.2 Shift Assignments
	Assigning Shifts
	Assign locations and resources to shifts:
	1. Select Shifts from the Build menu, then click on Assign. ProModel displays the Shift Assignmen...
	2. Select Locations - Click on the Locations button to display the Select Locations dialog (shown...
	3. Select Resources - Click on the Resources button to display the Select Resources dialog (shown...
	4. Units - Enter the specific units of the selected resource to be assigned to the shift. You may...
	5. Select Shift Files - Click the Shift Files button to display the Select Shift Files dialog (sh...
	6. Define Start Times - Enter the start time for each of the selected shift files. The value will...
	7. Define Priorities - Click on the Priorities button. The Priorities button allows you to enter ...


	Shift & Break Logic
	Sequence of Events
	1. When a location or resource is scheduled to go off line due to a break or the end of a shift, ...
	2. After executing the pre-logic, which may contain conditional (WAIT UNTIL) or time (WAIT) delay...
	3. At the instant the location or resource is taken off line, the off-Shift or Break logic is exe...
	4. After executing this logic, the location or resource waits until the time defined in the shift...


	Functions And Statements
	Preemptions to Off-Shift or Break Logic

	7.7.3 Shift Downtime Principles
	Locations Shift Downtime Principles
	Shift Downtimes for Locations
	Example 1 (a)
	Example 1 (b)
	Preempting Off-Shift Locations
	Example 2
	Overlapping Downtimes
	Example 3

	Resource Downtime Principles
	Shift Downtimes for Resources
	Example 1
	Example 2



	7.8 General Information
	Open the General Information dialog box:
	• Choose General Information from the Build menu.

	7.8.1 General Information Dialog Box
	Initialization Logic
	Termination Logic
	Execution Time of Initialization and Termination Logic
	Graphic Library File
	Select the desired graphics library:
	1. Select Graphic Library File from the General Information dialog box.
	2. Enter the name of the desired graphics library.
	3. Select OK.




	7.9 Cost
	Use Cost
	7.9.1 Cost Dialog Box
	Locations
	Resources
	Entities

	7.9.2 Building a Model with Costing
	7.9.3 Preemption/Downtime
	7.9.4 Join/Load
	7.9.5 Combine/Group
	7.9.6 Special Cost Handling
	7.9.7 Costing Output
	Costing Statistics

	7.9.8 Enable or Disable Costing
	Enable Costing
	1. From the Simulation menu, select Options.
	2. Uncheck the Disable Cost box.

	Disable Costing
	1. From the Simulation menu, select Options.
	2. Check the Disable Cost box.



	7.10 Tanks
	The Tank Submodel
	Define a tank
	1. Select the gauge/tank symbol from the Location Graphics window.
	2. Click on the layout window where you wish to place the tank and select Create Tank Location fr...
	3. Enter a capacity (1 to 999999) for the tank in the location capacity field.
	4. Define and reference any necessary tank control subroutines.

	Edit a tank or a gauge
	1. Double click on the tank or gauge (or right click and select Edit Graphic).
	2. From the dialog that appears, make the appropriate changes.
	3. Click OK.

	Change between a tank and a gauge
	• Double click on the tank or gauge and check or uncheck the tank option.
	or...
	• Right click on the tank or gauge and select Change Tank to Gauge or Change Gauge to Tank.



	7.10.1 Basic Concepts
	Tank Levels
	The Flow Time Step
	Rate of Flow
	Tank States
	Over Filling/Emptying Tanks
	Tank Downtimes

	7.10.2 Tank Logic Builder
	Access the Logic Builder:
	• Click the right mouse button in the logic window or expression edit field. Or click the Build b...


	7.10.3 Pre-defined Tank Subroutines
	Tank_Fill
	Tank_Empty
	Tank_Transfer
	Tank_TransferUpTo
	Tank_TransferDownTo
	Tank_SetLevel
	Tank_Inc
	Tank_Dec
	Tank_RiseTrigger
	Tank_FallTrigger
	Tank_Cap
	Tank_FreeCap
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