10 Steps of Simulation Studies

1. Understand the system - Intro
2. Be clear about the goals – Fundamentals
3. Collect and analyze data – Input data analysis
4. Formulate the model representation - Arena
5. Translate into modeling software - Arena
6. Verify “program” - Arena
7. Validate model – Case studies
8. Design experiments – Background of 507
9. Make runs – Output analysis, Variance reduction, 
10. Analyze, get insight, document results – Case studies.
1. Understand the system
Even before writing the proposal, define the scope of the system, i.e., what are to be included. Ex. Lunch facilities at the UB Commons. How large is the system, e.g., including all eating places? Or just a few. Time – what’d lunch hours? 11-1, 11:30 to 12:30? Etc. Eat-in or eat-in + take out? Any weekday? Or just a selected few (e.g., M.W.F.)?
2. Be clear about the goals
Define performance measures. For the selected facilities, customer waiting time? Or % or customers who wait for longer than 15 min.? (a common measure for service systems). Space congestion (crowding)? Number of customers served at each place? Translate to revenue $? 

What are the possible ways to improve the system? “What if” scenarios.
3. Collect and analyze data
For all the people who use the place, %’s of going to BK, Sbarro, Subway, Korean, Campus Café, etc. Patterns of arrivals? Do they arrive on a stationary mode? Meaning inter-arrival times ( Exp(x). throughout the entire period of modeling (e.g., 11-1). Or, students leaving classes would have “surge” arrivals? Bus loads of people arriving? 

For each of the places you study, customer arrival times? They demands of food items (burgers, fries, salads, etc.). How do they form the waiting line? FIFO, by type of food, by type of payments (cash, credit card, campus cash, etc.). 

Food service – make them as you order it? Pre-prepared and heat up? How long? Possible grouping of orders, priority of making different kinds of food.

Resources: human resource, equipment, space.

Analyze data – what distributions are they? How good are the distributions? (UN(0,1) -( sample of the distribution, by “inverse transformation”. 
4. Formulate the model representation
Select the software system, e.g. Arena, ProModel, etc. Define model elements.

5. Translate into modeling software
“Program” the software, - construct the simulation model and test run.

6. Verify “program”
Debugging the program. Verification – to make sure the program/model runs as intended. Whether the results will match the real system is not considered here (leave it to validation).  Example (extreme): subroutine of X**2 (X squared) –

Y = X + X.

It runs (verified), but wrong. 

7. Validate model
To see if results match the real system. Go back to the data collected and find a way to compare. This is the MOST CHLLENGING task in simulation. What if the results do not match the reality? Go back to collect more data, or look for logical errors in the model, unrealistic simplifications of the model and data? 

8. Design experiments
What are the “what if” scenarios? Ex: add a cashier, 10% increase of customers, change of food offerings, changes of customer arrival patterns, etc.

Factors (levels)

No. of cashiers: 2 (current), 3, 4

Increase of customers: Current, +10%, +20%

Change of food offerings: Current, add one item, add two items

Customer arrivals: Current (e.g. stationary arrival), large class dismissals, bus arriving.

4 factors, 3 levels each, 3x3x3x3 = 34 = 81 experiments. AND, each experiment will have to be repeated many times, to build confidence levels. 
9. Make runs
Execute the model as planned and compile results. Can we further summarize the results? Possible regression models? 

10. Analyze, get insight, document results
Connect the “dots” into “lines” to show trends.  Draw conclusions and make recommendations.
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