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Chapter 13
Simulation and Modeling
A Guide to this Instructor’s Manual:

We have designed this Instructor’s Manual to supplement and enhance your teaching experience through classroom activities and a cohesive chapter summary.
This document is organized chronologically, using the same headings that you see in the textbook. Under the headings you will find: lecture notes that summarize the section, Teaching Tips, Class Discussion Topics, and Additional Projects and Resources. Pay special attention to teaching tips and activities geared towards quizzing your students and enhancing their critical thinking skills.
In addition to this Instructor’s Manual, our Instructor’s Resources also contain PowerPoint Presentations, Test Banks, and other supplements to aid in your teaching experience.
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Overview

Chapter 13 introduces an important area of application for computing: computational modeling for quantitative fields including the sciences, mathematics, engineering, and even social sciences. It introduces the purposes and methods of model building and why computational models can be useful. The chapter describes different features models can have, and provides a detailed case study for discrete event simulation, an important kind of computational model. The chapter ends with a discussion of methods for presenting and visualizing quantitative data, particularly when the amount of data becomes difficult to view.
Teaching Tips

13.1 Introduction
1. Remind students about the early importance of problems from mathematics and science in the development of computational devices. While modern computers affect all parts of society, scientific applications remain important. Computational modeling is a central aspect of this application.
13.2 Computational Modeling
1. Introduce the term model and describe its importance as a tool for scientists. Introduce the terms computational models and simulation models. Emphasize the reasons for building such models: describing systems before they exist, modeling systems that are non-physical, models may be safer than real systems or physical models, it may be faster to build a computational model than a physical one, the time scale may be adjusted in a computational model to fit our needs, some physical models have ethical implications, and computational models are easy to modify as needed.
2. Introduce the term computational steering, that is, when a designer uses a computational model as part of a design process. The model is built, tested, and modified, until the designer is satisfied. Only then is a physical version constructed.

3. Discuss the simplicity and power of models like formulas (the textbook uses velocity in free fall as its example). Introduce the two aspects of a model that must be balanced: accuracy and complexity. The more accurately a system is modeled, the more complex the model becomes. But too simplistic and the model won’t be predictive.
	Teaching Tip 


	To emphasize the difference between a discrete event simulation, and a simulation that updates with every time step, construct an activity where selected student act out the McBurger scenario. First, run through the simulation updating every tick of the clock, and then perform the simulation as a discrete event simulation. Discuss the results.




4. Different models have different features that impact how we use them. Introduce the term continuous model for a model guided by continuous mathematical equations. Discrete models break the system down into discrete units (of time, of material) for simplicity. Introduce the term stochastic components for parts of a model that exhibit random behavior, like flipping a coin or rolling a die.
5. Introduce the term discrete event simulation as a popular kind of computational model. An event is an activity that changes the state of the system. In discrete event simulation, the model only simulates those time steps when an event takes place, skipping all time steps between events.

6. Introduce the McBurger case study. A fast-food owner wants to simulate a restaurant before building it, to determine the best number of checkout stations to construct. Events in this model are customers arriving at the store and customers departing after being served. Develop the algorithms for handling events step-by-step with your students.
7. Introduce the term statistical distribution, used to determine the range of random values for a particular event. In the McBurger simulation, a distribution is used to generate varying times each customer will take when being served. A uniform random number is one where every possible value is equally likely to occur.
8. Introduce the term garbage in, garbage out. In this context, it refers to the need for high-quality data about serving times and customer frequency in order for the simulation to produce valid results.

9. Discuss the data needs of the simulation. Some data is required just to operate the simulation. Other data should be collected to help answer the questions for which the model was constructed. In the McBurger example, the result data includes the average time a customer spends in the restaurant, the maximum length of the waiting line, and the percentage of time that servers are busy serving customers.
Quick Quiz 1
1. A part of a model that exhibits random behavior is called ________________. 

Answer: stochastic
2. (True or False) In a model, accuracy and complexity are often at odds.
Answer: True
3. (True or False) In a discrete event simulation, every discrete time step is simulated.
Answer: False
4. When a designer engages in a cycle of creating a computational model, testing it, and refining the model, the process is called ____________.
Answer: computational steering
13.3 Running the Model and Visualizing the Results
1. Many current scientific problems require massive computational resources to run, and produce massive amounts of data. Introduce the term scientific visualization: how to display data so as to highlight patterns and important features and to make it easier to interpret.
	Teaching Tip 


	The NASA Scientific Visualization Studio contains a great collection of visualization images: http://svs.gsfc.nasa.gov/


2. Introduce the term computer graphics. Computer graphics studies how to render images, including color, light, shadows, textures, and perspectives. Visualization emphasizes data presentation, data extraction, and data manipulation. Discuss examples of graphing 2D and 3D data sets, such as the tide and water temperature example and the forest fire example, from the book. Virtual 3D models of physical objects can be easier to manipulate in the computer. Color and texture can enhance understanding of data.
3. Introduce the term image animation, for the visualization of data through video, rather than still, images. Animation can show changes over time in a natural, if time-scaled, way.
Class Discussion Topics

1. Suppose you wanted to model the behavior of a fire caused by a cigarette tossed in a trashcan. What essential features of the system would you need to include in the model? What parts of the system would you omit for simplicity? Would the model be continuous or discrete? Would it include stochastic components or be completely deterministic?
2. Name at least three scientific applications of computational modeling or data visualization, other than those discussed in this chapter.
Additional Projects
1. Suppose you work for a sports stadium. You want to know how many hot dog vendors to hire for sporting events. Design a discrete event simulation for this question. First of all, what data would you want to collect? What would the events be? How would you describe the state of the system, and how an event would change it?

2. Suppose you have information about water temperatures in a river downstream of a power plant. The data was collected at 3-meter intervals from one bank of the river to the other, and every 3 meters for about 90 meters down the river. The collection was repeated every hour for a period of two days. What kind of data visualization would you use to display this kind of data?
Additional Resources

1. Grand Challenges of Engineering, many involve computational modeling: http://www.engineeringchallenges.org/ 
2. “David McCandless: The Beauty of Data Visualization:” http://www.ted.com/talks/david_mccandless_the_beauty_of_data_visualization.html 
3. “Hans Rosling show the best stats you’ve ever seen:” http://www.ted.com/talks/hans_rosling_shows_the_best_stats_you_ve_ever_seen.html 

Key Terms
· Computational model: A model constructed using algorithmic procedures implemented as computer programs.
· Computational steering: A procedure for using a computational model to improve the design of an actual system by continually resetting model parameters to improve system performance.
· Computer graphics: The field of computer science that examines the technical problems of displaying visual images on a computer screen.
· Continuous model: A model of a system using mathematical equations that describe system performance as a continuous function of time t.
· Discrete event simulation: A computational modeling technique that simulates the behavior of a system only at discrete points in time.
· Event: An activity that will cause a change in the state of the system being modeled.
· Garbage in, garbage out: The term for the fact that the output coming out of a computer model is only as accurate as the assumption used to build the model.
· Image animation: Using multiple images at discrete points in time to produce an animation of a system's behavior over time.
· Model: An abstract mathematical, computational, or physical representation of an actual system.
· Scientific visualization: The use of images and visualization techniques to make scientific data easier to interpret and understand.
· Simulation model: Another term for a computational model.
· Statistical distribution: This is a mathematical function that describes the probability of a random quantity taking on certain values.
· Stochastic components: Parts of a model that display random behavior.
· Uniform random number: Every value in the range from a to b has the same chance of occurring.
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