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ABSTRACT

Simulation models are typically built to obtain an understanding of the system dynamics and compare al-
ternatives. ExtendSim’s Scenario Manager provides an easy interface to evaluate different model configu-
rations and explore the effects of model parameters. Scenario management provides for a systematic, con-
trolled approach to the investigation of a system or process. Among other things, it can be used for
problem solving (“what are the main factors contributing to the problem”), parameter design (“how well
does the system/process perform given specified factors”), and robustness studies (“what is the best con-
figuration of factor values to maximize/minimize variations in response”). Thus it has a very broad appli-
cation across all disciplines.

1 INTRODUCTION

ExtendSim is an advanced simulation environment that supports discrete event, continuous, discrete rate,
and agent based technologies. Models are comprised of blocks that communicate with each other to de-
scribe the simulated sequence and the general logic of the model. General purpose blocks are provided
with ExtendSim. For specialized purposes, these blocks can be modified or new ones created by the end
user. New blocks can be either programmed in ExtendSim’s C-based ModL language or by combining
existing blocks together. Regardless of the creation method, blocks can be stored in libraries for use in
other models. Additional tools are provided to manage the data so that blocks with the same structure can
reference different data sets.

ExtendSim pioneered the message based architecture (Krahl and Lamperti 1997) found in modern
simulation tools. When an event or state change occurs, messages are broadcast to any impacted blocks.
There are three mechanisms for message transmission: through connections; directly from block to block;
and even through ExtendSim’s graphical simulation database (Diamond et al. 2010).

ExtendSim has also lead other simulation software in data management techniques and mechanisms.
ExtendSim’s integrated simulation database facilitates a more organized and scalable modeling approach.
A variety of simulation-specific features have been included in ExtendSim’s database that make it unique-
ly useful for simulation modeling.

ExtendSim’s Scenario Manager leverages the database to store model factors and responses. This
structure maintains an organizational scheme and allows straightforward access to the model data. The
database also facilitates communication between ExtendSim and other analysis programs. Because of this
it is easy to use an outside statistical package or spreadsheet to analyze the relationship between the mod-
el factors and responses.
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2 EXTENDSIM STRUCTURE

An ExtendSim model is created by adding blocks to a model worksheet, connecting them together, and
entering the simulation data. Each type of block has its own functionality, dialog, help, icon, and connec-
tions. Each instance of a block in the model has its own data. Blocks perform a number of functions in a
simulation model including:

Simulating the steps in a process (Queue, Activity)

Performing a calculation (Math, Random Number, Equation)
Interfacing with other applications or data storage (Read, Write)
Providing a model utility (Find and Replace, Count Blocks)
Plotting model results (Plotter, Histogram)

Animating (Animate Value, 3D Scenery)

Creating a user interface (Popup, Buttons)

The logical entity that moves through the system is referred to as an item. Items carry properties or at-
tributes with them as they progress from one block to the next. Items are represented using lightweight
data structures allowing virtually unlimited numbers to exist simultaneously within a model.

The source code for all of these blocks is available and can be viewed or modified by the end user.
Blocks can be created from existing blocks or created from scratch. This allows the modeler or developer,
to create their own libraries for specific modeling domains. A whole range of simulation products has
been created based on the ExtendSim engine. These include applications for pulp and paper manufactur-
ing, chemical process control, biological processes, and analytical chemistry.

Hierarchical blocks contain other blocks (either programmed or hierarchical). This helps to organize
the model. Hierarchical blocks can be stored in a library and reused in the same or different models. Ex-
tendSim has tools for creating an interface within the hierarchical block, making it easy for the modeler to
expose important parameters and results.

ExtendSim’s database is an integrated part of the model structure. Many of the modeling components
are designed around the database to store and manage data. The database can also be used as part of the
fabric of the simulation. As a database record value changes, interested blocks will receive a message no-
tifying them of the change so that they can react accordingly. This powerful capability simplifies commu-
nication in complex models, eliminating cumbersome end-of-event status checks and event polling (Dia-
mond et al. 2010).

3 SCENARIO MANAGEMENT AND DESIGN OF EXPERIMENTS

One of the primary purposes of a simulation model is to discover the responses of the simulated system
based on different factor values. Improvements in the performance and memory capacity of personal
computers have made it possible to automate this process. In addition, external analysis tools such as
Minitab® Statistical Software and JMP® can be used to generate designs. Microsoft Excel®, Minitab,
JMP, and R as well as other applications can be used to analyze the simulation results.

With the improvements in performance of modern computers, model size has been increasing as well.
Simulation software performance and model efficiency continue to be important factors. When analyzing
the model responses, it can be useful to utilize design of experiments (DOE) technology to reduce the
number of model runs required to compare multiple scenarios. This is particularly useful for initial inves-
tigations where the modeler needs to determine which factors have the most impact on system perfor-
mance. The modeler can then focus on a detailed analysis of the model by varying only the parameters
that have a measurable impact on the results.
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4 THE SCENARIO MANAGER

There are a variety of methods that the modeler can use to manage model configurations in ExtendSim.
For most purposes, ExtendSim’s dedicated Scenario Manager block will be the tool of choice. The Sce-
nario Manager is implemented as a block in the Value library. It is available in the ExtendSim AT and
ExtendSim Suite packages. This block provides a straightforward interface to dialog values from other
blocks and the ExtendSim database as well as a recording mechanism for the model responses and an ex-
port tool so that the factors and responses can be analyzed in other software programs.

ExtendSim’s Scenario Manger capitalizes on ExtendSim’s open architecture. Because it is imple-
mented as a block, the source code is open to the modeler to view or potentially modify. For example, a
researcher may want to study a new experimental design algorithm. The researcher has access to the C-
language based ModL source code of the Scenario Manager and can add additional types of experimental
designs.

In addition, the Scenario Manager is designed for interactive execution. The results are displayed as
the model runs and the set of results that are displayed can be changed “on-the-fly.” During the run the
modeler sees the statistics for the responses change as each run completes and can view the individual re-
sponse values.

For analysis, the Scenario Manager seamlessly communicates with other simulation programs such as
Excel, JIMP, and Minitab. With a few mouse-clicks you can export the scenario factors and all of the re-
sponses to an outside application. You can even configure the model to export the results automatically
when the scenario runs have completed. By leveraging advanced analysis programs, ExtendSim users
have easy access to powerful statistical tools and presentation programs. In fact, a menu selection and a
single mouse click can generate the experimental design, run the scenarios, and export the results to JMP
or Minitab.

4.1 Model Factors

The Scenario Manager uses a standard design of experiments (DOE) nomenclature. Model inputs are re-
ferred to as factors and the simulation results are responses. A unique feature is that factors can be data-
bases, tables, fields, or records as well as single dialog variables. A dialog variable is a single numerical
value from any block in the model. It can be added to the Scenario Manager by either dragging a clone
(using ExtendSim’s clone tool) of the dialog item to the icon of the Scenario Manager or by shift clicking
on the dialog item and selecting “add factor”.

Database factors and responses are entered by selecting from popup menus in the Scenario Manager’s
database factors and responses dialogs. Figure 1 shows the dialog where scenario factors have been en-
tered. The information for each dialog factor includes its name, where it comes from (block name, block
number, block label, hierarchical block, the dialog variable name, and the row and column), its current
value and the range of values that can be assigned (minimum, maximum and step). The range for each
factor is used for the automatic generation of DOE scenarios. For database table factors, a source list table
is used to provide a list of the possible tables that can be used as factors. At the start of each scenario, one
source table for each database factor is copied into a target table which is used by the model for its calcu-
lations.

In Figure 2 the relationship between the three types of tables is illustrated. The scenarios are created
for each database factor based on the contents of the source list table. While tables have been used in this
example, database factors can also be records, fields, or even entire databases. In the case of fields or rec-
ords, the source list is implied as all of the fields in a table or all of the records in a field respectively. In
this case, there are two source tables that can be substituted into the target table for a given scenario. At
the start of each scenario run, the contents of one of the source tables is copied into the target table. This
design allows the modeler to flexibly create a set of scenarios that not only incorporate scalar model pa-
rameters but entire data sets as well.
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Figure 2: Database factors

4.2 Model Responses

Like model factors, any model responses or performance measures can be added to the Scenario Manager
by shift-clicking on a dialog item and selecting “Scenario Manager: Add response.” This inserts a row in-
to the response table and enters the appropriate block and dialog item information.
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In addition to the block dialog information, the modeler can add additional information for automated
DOE generation. These include whether it is desirable to minimize or maximize the response, the statis-
tics that are calculated and whether or not the response will be included in reports.

You can also create database responses that are generated for every run and scenario (Figure 3). The-
se can be used to store detailed results and logs from the simulation.

Enter dialog responses (dialog variables that are results)
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Figure 3: Responses

4.3 Scenarios

The Scenarios tab contains the values for the model factors and, after the scenarios have been run, a statis-
tical summary of the responses. The individual results for every response in every scenario run are stored
in ExtendSim’s graphical simulation database.

The heart of the Scenario Manager is the Scenarios tab (Figure 4). Here, the modeler sets the run pa-
rameters, creates the scenario, runs the simulations and monitors the progress of the scenarios as they run.
As the scenarios run, a status displays a bar graph of the progress so far as well as the number of runs and
scenarios completed.
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Figure 4: Scenarios tab

Scenarios can be created manually or by using an automatic method including a full factorial design,
a JMP custom design, or Minitab optimal design (Figure 5). Designs from other sources can be pasted in-
to the Scenario table. Any number of designs can be evaluated by the Scenario Manager. If one of the
“Create and immediately run...” options is used, the experimental design is generated, the scenarios are
immediately generated and the responses are automatically exported back to the DOE (JMP or Minitab)
software. This is a one-step method for performing scenario analysis. Because the Scenario Manager is
designed to be “hooked-up” to any statistical analysis program that supports the COM or .net technology,
other interfaces may be developed in the future or can be developed by the modeler.
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Manually enter scenario configuration

Full factonal design

JMP custom design

Create and immediately run JMP custom design
Minitab optimal design

Create and immediately run Minitab optimal design
Figure 5: Scenario generation methods

Once the scenarios have been created they can be run and their progress monitored. Figure 6 shows
the scenario status dialog found on the Scenarios tab. If necessary, the scenario runs can be stopped, the
computer turned off and the execution of the scenarios can be resumed later. The Scenario Manger tracks
which scenarios have been completed and will resume where the runs left off.

Runs per scenario: 5 Status

Simulation start time: |0 Run count: 5/5 Scenario count: 430/480

Simulation end time: 1000
Confidence interval: |95 % [ Save model after each scenario

Figure 6: Scenario Manager run control and status

The statistics that are displayed in the Scenarios table can be controlled. Because the individual re-
sults are stored in ExtendSim’s database, the result sets can be chosen before, after, and even during the
scenario runs. The results are displayed immediately and are updated while the model is running. There is
no need to wait until the completion of all of the scenario runs to see the intermediate results. Figure 7
contains the list of result sets available. Each of these is selectable on a response-by-response basis.

Mean (M)

Mean, Standard Deviation (M,507)

Mean, Confidence Interval (M, CI)

Mean, Variance, Standard Deviation, Confidence Interval (M V. 50, CT)
Maximum, Mininimurm (Max, Min)

Mean, Maximum, Minimum (M, Max, Min)

All Results

Figure 7: Result sets

In Figure 8 we have selected “All results” for the throughput response. Here the mean (M), variance
(V), standard deviation (SD), maximum (Max), minimum (Min) and confidence interval (CI) are dis-
played based on the results of multiple simulation runs.

By clicking on the “Show” button in the Scenarios table, the individual response values for that sce-
nario are displayed. Figure 9 shows the response values for an individual scenario. A statistical summary
of this information is displayed in the Scenarios table.
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Figure 8: All results report set for throughput response

Record # | Throughput Lam1 Lamz
| Hilization LHilization
i IR0 DIDD 04575 0.7754
2 520, D00 0. 5850 0.6758
3 450 DIDD 05578 0.83T4
4 420, D00 05715 08111
5 . DD DD 0.5397 0.9553

Figure 9: Response values for an individual scenario

4.4 Further analysis

The Scenario Manager is designed to work with outside applications for open ended analysis. Currently
Excel, JMP, and Minitab are directly supported. A text file export is also available that can be used with
an even wider range of analysis programs (such as R).

The Export tab provides options for exporting the factors and responses to other software programs.
Three different kinds of reports can be generated:

1. Complete results: Exports all of the factors and all of the response values for each run. There is
one row or record of information for each simulation run. If there are multiple runs within a sce-
nario, there will be multiple rows of results in the report for each scenario.

2. Displayed statistics: A report is generated that contains the currently selected report sets. There
will be one row per scenario.

3. Complete statistics: A report is generated that contains all of the statistics (as if “All results” were
selected for all of the responses) for all of the scenarios. Like the displayed statistics, there will be
one row per scenario.

These reports can be sent to ExtendSim’s internal database, Excel, JMP, Minitab or a text file. By us-
ing these tools more sophisticated analysis can be performed than is typically found in a simulation pro-
gram alone. Figure 10 shows a sample analysis in Mintab. Here, we can clearly see the relationship be-
tween the model factors and model responses in a graphical format. This is just one of the many tools for
scenario analysis that is available in a statistics package.

5 CONCLUSION

ExtendSim’s Scenario Manager is a powerful tool for organizing and performing analysis on different
model configurations. It encourages the modeler to explore the full range of model inputs and outputs.
Because it is tightly integrated with other analysis programs, you can use any tool of choice to evaluate
and present your simulation results.
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Figure 10: Model analysis in Minitab
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