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Simulation:  The imitation of some conceptual or physical collection of entities (a.k.a. a system).

Business Process:  An internal Business System (or set of internal Business Systems) exercised to serve customers (e.g. a purchasing process).  Also,

a Business System (or Systems) with workflow. 

Business System:  A collection of business entities (people, computers, telephones, …) that work together to reach a common goal or goals.  For 

example, a business accounting system.

Why Simulate?

 Arrive at a better process understanding for complex systems; visualize system performance.

 Help identify / classify system uncertainties as aleatory or epistemic.

o Aleatory: results from variability intrinsic to system behavior, e.g. machining accuracy (objective uncertainty)

o Epistemic: results from gaps in knowledge, e.g. future economic conditions (subjective uncertainty)

 Provide a focal point for stakeholder / supplier communication.

 Identify hidden, emergent system behaviors.

 Verify that stakeholder requirements are satisfied.

 Test the impact of alternate system designs.



Slide 2

Experiment:  A process whose outcome is not known with certainty.

Experimental Environment:  The union of the experiment and those factors surrounding the experiment that might effect the experimental outcome(s). 

For example, a business purchasing process affected by the availability of supplies.

Real World System:  A collection of entities and processes that collaborate to accomplish a (real world) goal – for example a Business Manufacturing 

System.

Modeling Relationship:  The process of establishing believability (correlation) between a real-world system and a model of that system.  Should include

real-world domain experts and modeling experts.

Analysis Relationship:  The process of establishing believability (correlation) between a system model and information gleaned from that model.  

Should include model and analysis experts.

Validation Relationship:  The process of establishing believability (correlation) between information gleaned from a simulation analysis and information 

known from the experimental environment.  Should include real-world domain experts.
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(Real World) System (RWS):  A collection of entities and processes that collaborate to accomplish a (real world) goal.  An entity is any real or abstract 

thing about which system information is stored / manipulated (e.g. people and products).  A process is a time-ordered sequence of events that describe 

the relationships between the system entities (e.g. a manufacturing process).  An event is an entity activity that may change the state of the system (e.g.

selling a product).  The system’s state is that collection of information necessary to completely describe the system at any particular time (e.g. a 

company’s state at the end of the month).
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Process Simplification:  An abstraction used to focus attention on the system aspects important to the type of model being built (related to the reason 

for creating the model).  Does not “reproduce” the complete system in detail.  A (simplified) model includes enough information about the RWS entities, 

processes, events and states to emulate system “reality” and excludes information deemed to be irrelevant 
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RWS Modeling: The activity of focusing only on the essential components of a real-world process.  Requires inductive reasoning (progresses from 

specific experience & observation to general conclusions; the premises may predict a high probability of the conclusion, but do not ensure that the 

conclusion is true (see Problem of Induction)) rather than deductive reasoning (progresses from general laws, rules & widely accepted principles to a 

specific solution; the conclusion is necessitated by, or reached from, previously known facts).  A model may be physical (e.g. a wind tunnel model) or 

conceptual (i.e. of the mind).  Conceptual models might be explicit (expressible by a closed-form equation, when it exists, or by a numerical 

approximation – e.g. a computer simulation) or might be implicit (e.g. expressible by a diagram or text).  Certain analytic models may incorporate both 

implicit and explicit techniques (e.g. computer-based multi-agent systems where agent actions depend on some form of (rule-based) reasoning).
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Simulation tool:  Any computational system capable of executing a simulation model to reveal its behavior.  Analysts draw conclusions about a model 

by observing simulation results (accumulated model entity, process, event and state information), making it essential that the model be an accurate, in 

some sense, representation of the RWS.
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Business Scenario Simulation:  The simulation must accurately carry out the intent of the model (reference “verification” and “validation”, slide 10 

notes).  Rigorous model verification and analysis validation leads to believable process understandings.  Ultimately, simulations provide only estimates 

of RWS performance.
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Show Model Description:  Click the Model Description button to display a brief description of the model.

Enter Your Business-specific data:  To model your business, you must enter information specific to your business circumstances.  Start by calculating 

your expected Supply, Labor and Plant Costs of Sales (CoS) and entering that data (see slide 9 boxes 1, 2 and 3).  Next, figure out how you expect your

Gross Revenue to be distributed.  I suggest using the following approach (ref. slides 6, 7 and 9):

(1) Estimate what percent of your sales will be Receivables (e.g. credit cards).  Enter this into table 12.

(2) Estimate an Allowance (for broken products, refunds to unhappy customers, …) as a percentage of your Gross Revenue.  Enter into box 5.

(3) Estimate your Tax Liability and a Gross Profit you’d like to see, as percentages of your Net Revenue. Enter into boxes 8 and 9.

(4) Compute Supply, Labor and Plant percentages of Net Revenue (e.g. Supply percentage = (1.0 – (Tax Liability + Gross Profit)) * (Supply 

CoS / Total Cos)).  Enter into boxes 6,7 and 10.

Based on the above information, calculate an approximate Markup Factor and an approximate Seed $ (use the equations shown, upper right, slide 9) 

and enter that into boxes 13 and 4.  Finally, enter your Expected Work Time (box 14) and Expected Labor Units per Product (box 15).

Run Simulation:  After entering your business-specific data, click the Run Simulation button to start the simulation.
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Labor Unit Costs:  The collection of all product-related costs coming from human entities (direct labor and management directly engaged in product 

production).  E.g. $35,000/year ÷ 264 working-days/year = $132.58/day.

Plant Unit Costs:  The collection of all product-related costs coming from environment-related entities (building space, electricity, gas, cleaning, repair, 

…).  E.g. 1100 ft² x $1.00/ft²/month ÷ 22 working-days/month = $50.00/day.

Supply Unit Costs:  The collection of all expected non-plant and non-labor costs involved in producing a product ($ per product, might include raw 

supplies, paper, ink, …).  E.g. $10,000.00/month for all supplies ÷ 100 products/month = $100/product.

Also, see slide 8 notes.
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After your model runs, you’ll need to analyze the output data.  Explicit data items are defined above and terms are defined below.  Also see slide 15 for 

notes and suggestions.

Analysis:  The process of breaking down (complex) collections of information into simpler collections for better understanding.  May employ statistics 

and/or probability.  Should include both model verification and analysis validation.

Statistics:  A broad mathematical discipline which studies ways to collect, summarize and draw conclusions from data; a mathematical quantification of 

uncertainty (Mean, Std. Dev., Variance, …).

Probability:  A number in the interval from 0 to 1 assigned to "events" whose occurrence or failure to occur is random.  Uses information from set theory

and statistics to compute the likelihood of events.

95% Confidence Interval:  This means “I am 95% confident that the actual mean value will lie between the lower confidence interval and the upper 

confidence interval.  The ‘best guess’ (expected value) is the value given as the mean.”  Conversely, this also means “There is a 5% chance that the 

actual mean value does not lie between the lower and upper confidence intervals.”

Model Verification:  Ensuring that the problem is being solved correctly. 

Analysis Validation:  Ensuring that the correct problem is being solved.

Sensitivity Analysis:  Determining the sensitivity of the model results (as a whole or of a specific result) to changes in one or more model input 

parameters.
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As the simulation runs, the Output Statistics change and several plots are displayed (zoomed in slide 12).  The four plots on the right track the main 

queues in the process.  From the bottom up:

(1) Production queue length

(2) Product Supplies wait time

(3) Produced But Not Sold (PBNSo) queue length

(4) Sold But Not Shipped (SoBNSh) queue length

The next three plots to the left indicate the relative convergence of the resource utilizations to a steady state.

The four plots on the left show, from the bottom up:

(1) Available Plant resources (a 22 working day cycle)

(2) Available Labor resources (a 10 working day cycle)

(3) Available Supply resources (a 22 working day cycle)

(4) Number of products (jobs) produced
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Clicking on a plot’s “maximize window” icon will expand the plot to full-screen size (see slide 13).
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The data from each replication is presented in a different color.  The table at the bottom of the plot shows the numerical data that created the plot.

Clicking on the “trace properties” icon (circled above) opens a dialog box that allows showing only one set of data at a time.  See slide 14.
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As you move the cursor across the face of the plot, it’s position is dynamically reported near the bottom of the plot just above the data table (see ellipse 

above).
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EXPLICIT EVENTS
Executed at specified times , after simulation start

2 3

(0) Initialize Supply, Labor and Plant environments

(5.01 to 5.02, repeat every 5 working days) Transfer $ from Gross Revenue to Net Revenue

(10.01 to 10.02, repeat every 10 working days) Add $ from Net Revenue to Labor account

(22.01 to 22.02, repeat every 22 working days) Add $ from Net Revenue to Supplies, Plant, Taxes and Gross Profit accounts

4

(22.005 to 22.006, repeat every 22 working days) Subtract spent Supply or Plant $ from Supply or Plant accounts

(22.03, repeat every 22 working days) Create new Supply or Plant units from $ available in Supply or Plant accounts

(10.005 to 10.006, repeat every 10 working days) Subtract spent Labor $ from Labor account

(10.03, repeat every 10 working days) Create new Labor units from $ available in Labor account

(10.007 to 10.008, repeat every 10 working days) For restricted Labor units, add excess Labor $ to Gross Profit

(22.007 to 22.008, repeat every 10 working days) For restricted Supply or Plant units, add excess Supply or Plant $ to Gross Profit

Business Costs

Product-related Labor-related Plant-related CATAGORY

EXPRESSED-AS

“HAS-A”

$ per month $ per month $ per month

Part, product supplies, ... Perk, labor supplies, ... Space, plant supplies, ...

RESOURCE COSTS BREAKDOWN

DAYS


