IME 3300: Simulation Modeling and Analysis
Spring 2011; MWF 10:30-11:20am; Room CEAS C0227

2009-2010 Catalog Descriptiontse of computer modeling and discrete event sinaanethodology
with emphasis on designing and analyzing manufagusind service systems. Commercial simulation
packages will be used. Prerequisite: IME 2060 & IRE20.

Credit/Contact Hrs: This is a 3 credit hour required course in the BEBgram and is scheduled for 3
contact hours per week.

Course Coordinator and Instructor: Dr. Azim Houshyar, Professor, 219-E Parkview Campus
Phone: 276-3363; E-maildoushyar@wmich.ediCourse Webpagéittp://homepages@wmich.edu/~houshyar

Office Hours: Mondays: 1:00-4:00 pm

Textbook:
1. Simulation using ProModel;"2edition; Harrell, Ghosh and Bowden; McGraw HilQQ2.
2. Notes on Simulation Modeling using ProModel; Howahy

Software: ProModelfrom ProModel Corporation, Orem, Utah.

References:
1. System Improvement Using Simulation; Harrell, Baa@mCogg and Mott; ProModel Corp; 1997
2. ProModel Student Version, User’s Guide, and Refezd€Buide.
3. Simulation Modeling & Analysis; Law and KeltonEdition, 2000.
4. Simulation with Arena, Kelton, Sadowski, and SadawsicGraw Hill; 1998
5. Introduction to Simulation Using SIMAN, Pegden, Shan and Sadowski2Edition, 1995.

Computer Usage:

Extensive use of computer software is requiredugihout this course. Students are encouraged to
solve problems on statistical analysis manually, twen reconfirm their results using computer.

Evaluation:
1st exam 20 pts
2nd exam 25
Term-project 25
Portfolio 3
Quiz 15
Case Studies, Homework and Active Participation 2 1
Total Score 100 pts
Grading Scale: 93 -100 A 88 -92 BA
83 - 87 B 78 - 82 CB
73-77 C 68 -72 DC

Professional ComponentThis course addresses ABET Criterion 4 (EAC) rezjugnts for professional
component as follows:

a) College-level math, basic science: 0%

b) Engineering topics (engineering science andgi®si 3 credits or 100%

c) General education: 0%



Course Learning Objectives:By the end of semester the student should be able t
1. Apply knowledge of mathematics and engineeringisoréte-event simulation problems
2. Numerically analyze and solve all discrete-evemusation problems
3. Report and present individual and group results.

Performance Criteria (Learning Outcomes): The student should be able to:
Course Objective 1
a) Provide accurate description to the discrete-esintilation questions.
b) Determine the appropriate solution technique teesotal-world simulation problems.

Course Objective 2
a) Provide accurate description to the random nung®meration, input modeling, output
analysis, and comparison of alternative systengdegijuestions.
b) Determine the appropriate simulation model tgesany real-world problems.

Course Objective 3
a) Participate in teamwork, class discussion, castieguand submit written and oral reports to
the class.

Relationship of Course Objectives to Performance Gteria and Student Learning Outcomes:

Course Objectives Performance Criteria ABET-EAC Outcomes’
Apply knowledge o B2. Uses experiments and B*: An ability to design and conduct
mathematics and engineering their results to improve a experiments, as well as to analyze and
to discrete-event simulation process. interpret data.
problems.
Numerically analyze and sol | K3. Applies systems tools | K*: An ability to use the techniques
all discrete-event simulation | (Lp, MSM) to model and skills, and modern engineering tools
problems solve problems. necessary for engineering practice.
Report and present individual D2. Researches and gathers | D*: An ability to function on
and group results. information for team project. | multidisciplinary teams.

'Performance Criteria: IME performance criteria may be foundhaip://www .wmich.edu/ime
ABET/TAC Outcomes: Outcomes may be found fattp://www.abet.org/
*Tracked to course notebook.

Academic Honesty Policy:

The Faculty Senate’'s Professional Concerns Comemitteommends all instructors include the
following paragraph in each syllabus they prepare.

“You are responsible for making yourself aware efdaunderstanding the policies and procedures in the
Undergraduate and Graduate Catalogs that pertainAttademic Honesty. These policies include cheating,
fabrication, falsification and forgery, multiple Ismission, plagiarism, complicity and computer mésughe
policies can be found athttp://catalog.wmich.eduunder Academic Policies, Student Rights and
Responsibilities.] If there is reason to believeuymave been involved in academic dishonesty, ydubei
referred to the Office of Student Conduct. You bdl given the opportunity to review the chargelfsyou
believe you are not responsible, you will have dpportunity for a hearing. You should consult wjthur
instructor if you are uncertain about an issue ohdemic honesty prior to the submission of an assant or
test.”

In addition, instructors are encouraged to dired¢tudents to http://osc.wmich.edu and
www.wmich.edu/registrato access the Code of Honor and general acadesha@gs on such issues
as diversity, religious observance, student dig&ts| etc.




Attendance Policy:
Attendance is mandatory. The student will receivecare of zero for any assessment item not
submitted because of absence. This includes tlrezegiiand the exams. Extreme circumstances will
be considered on an individual basis, howeverhgements must be made prior to the due date, and
supporting documentation is necessary.

Portfolio:
Each individual is expected to create a portfdhattcontains all the graded assignments, quiz,test
and submit it along with a disk containing all treated files. Therefore make sure that you kelep al
your grade work in a folder to be turned in priorthe final exam date. The submitted material will
not be returned to you, so if you prefer, you maggka copy of your graded work for your own future
reference.

Quiz/Exam
In some sessions, we may have a 20-30 minutesoquilze previously covered subject matters. The
same rules of test apply to quizzes as well. Taeahd time of the tests is listed in the schedule.
During the exam you are allowed to use a calculdtou will have two hours to complete the final.

Notes:

1. Some notes on the lecturers is available at mysitebThe address of the site is:
http://homepages.wmich.edu/~houshyafbu may need a password to get into the “Teaching
Material” Section of the site. If so, you will ggdur password in the first day of class.

Using your password, you can visit the site to doad notes, samples of quiz, exams, etc.

The lectures will focus on the main topics, butdstuts are responsible for reading the whole

chapter.

4. The style of teaching is based on the notio€wofical Thinking As such, students are expected
to review the chapter prior to coming to classdbing so, the class time will be dedicated to
answering questions and solving problems. Rathar #n elaborate lecture plan, a brief review
of the main topics will be conducted in class, pat should study them in detail, and ask
guestions, if necessatry.
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Requirements for Homework Problems:
1. Homework assignments:
a. Must be type-written
b. Use only one side of the paper
c. Write down the time taken to complete the assighmen
d. ldentify yourself only by the team number.
Homework is due at the beginning of class on thie dasubmission.
Computer programs must be well documented. Togram should be submitted with necessary
output. The output format will be discussed in sl&® each assignment.
4. Each computer assignment must include a prdlmegshart.
5. A section titled “Analysis of Output & Importa@onclusions” should be included with each
completed assignment.

w N

Term-Project: Group Projects using ProModel

Students are teamed-up in-groups of two. Each teampected to identify a real-world manufacturing/
industrial/financial/service problem to be simuthtelThe grade is based on the complexity of the
problem, the elegance of the simulation model,thedjuality of the presentation.



Each team is free to choose any problem, but theyeapected to adhere to this guideline. The
simulation problem should include:

A minimum of terlocations with at least tefProcessing Stations

A minimum of fiveRandom Processing Times

A minimum of fiveResources

A minimum of threé\ttributes

A minimum of three locations and resourBesvntimes

Shift assignments to locations and resources

Path Network for the material handlers, resources and entityemznts
Countersthat show the number of processed part in eactostahroughput, and a
summary of major statistics.

9. Appropriate use dflacros, Subroutines, Table Functions, User Distributions, Arrival

Cycles, ...

N gA~WNE

Each team should submit five reports during thersmwf the semester along with a disk-copy of the
simulation model and supporting material. The psmgl due dates are selected so that you will not be
overwhelmed with submitting a comprehensive regortthe whole project at the end of semester.

The nature of the reports and the correspondingldtes for these reports are as follows:

1. Report 1: Proposal/Problem Definition. DueJan 19

2. Report 2: Data Collection/Processing Report. DueFeb 16

3. Report 3: Building the Simulation Model. DueMarch 9
4, Report 4: Validation and verification Report. Due March 30
5. Report 5: Final Report: Project Finding Due April 13
6. Final Powerpoint Presentation by the Team. Due April 20

First Report: Consists of description of the problems, cleateste@nt of how you propose to solve
it, clear statement of the objective/s to be meabdior the current system and compared with the
proposed system, the number of entities, the numblercations, the number of resources, the flow
of material, the flow of personnel, flow chart, oggonal logics, ..., the data that is needed to be
collected (for this report just name them, you willect them in the next report). At a minimum,
the First Report should include:

+ One page description of the problem

« A clear statement of the goal of project

« A very clear and detailed flow chart of the currenbcess showing how the entities move

through the system

« A complete list of the components of the model

« Alist of decision variables (factors) that you gméng to experiment with

+« Description of the types of data to be collectetias been collected in a previous course.

Second Report:Consists of Data Collection and Data processimghik report, all the data, whether
they are for arrival, operations, logics, or dowrds has to be collected and statistically processed
At a minimum, the Second Report should include:
« All the collected data in the original raw formtegorized into
e Operational Data
» Structural Data
e Logical Data
+ A clear explanation of the methodology used to pssadhe raw data
« A comprehensive detail of the processed data dfittéstributions), along with the
corresponding charts and graphs.



Third Report: This report is mainly details of the ProModel tigati have constructed to represent
the current situation. The ProModel should beasprehensive as possible and should be running.
Don't worry about validation or verification. Thatll be done in the next report. At a minimum, the
Third Report should include:
+ A Disk containing the most up-to-date simulationd®lothat reasonably depicts the real-
world problem, and is error-free (can run!!!).
+ A detailed documentation of all the logics that eversed in your simulation model. The
documentation should be detailed enough that aayr@ading it can understand your model.

Fourth Report: This report will show the verification and validat efforts that were used to prove
that the ProModel represents the real world probl¥ou must show that your Model output is
statistically the same as the real-world output.ths purpose, you have to run simulation numerous
times, and find the mean and standard deviatioth@fobjective(s) of interest. Then use statistical
test to compare that with the real-world distribatand show that they are statistically indifferent

You have to, also, list all tools that you usedwverification, and explain each one. For instayos,
used animation to correct the way resource is neaddh addition, you will to build Proposed
Scenarios for what if analysis. Once more, it i @wough to state that you have done verification
and validation, but instead, you MUST documenttlad iteration that you had to go through to
validate and verify your model.

Fifth Report: This is your final report and shows all your siatidn runs, your statistical analysis of
the output, and your recommendations. It has teutenitted to me prior to your final presentation.
Make sure that you have:

% Clearly elaborated on your design of experiment,

% Justified the number of simulation runs,

% Listed all your decision variables, and their cep@nding levels,
+ Shown your ANOVA and have properly interpretedirslings.
You are expected to submit a formal report to your industrial sponsor at the same time, and make
aformal presentation. Failureto do so will adversely affects your grade.

Final Powerpoint Presentation: Each team will have 10 minutes to present thases to the class
and answer questions and concerns. The presentdmbuld include:

Define the problem

State the goal of the simulation modeling

Depicts the flow of material/resources/informatthrough the system
List a complete list of decision variables/fasto

State the procedure used to collect data retdégahe problem
Describe the simulation model

Description of the experimental design procedur

Explain the simulation outputs

Discuss the team's interpretation of the outgiidt

0. List the team's recommendations as to howthielggm can be resolved.

BOONOOMWNE



Use the following format for all your submissions
Us the following Type Font, Spacing, and Indent:

TitIe: Times New Roman 16, Bold; Leave two line-space aliihe for submission code

Executive Summary heading: Times New Roman 14, Bold, Italic
Executive Summary texfimes New Roman 11, Italic

Headi ng 1 (e.g., introduction): Times New Roman 14, Bold

Heading 2: Times New Roman 12, Bold, Italic
Heading 3 Times New Roman 11, Bold
All other text: TimesdNew Roman 11

Use white, 8 %2 - by 11" paper. Except for page bbers (see below), leave one-inch margins all around
the text of your paper -- left side, right sideddop and bottom. Paragraphs should be indentddahal
inch. The submission must be single-spaced.

Your submission does not need a title page. Atdpeof the first page, at the left-hand margin etyppur
Team number, names, your instructor's name, theseawmber, and the date -- all on separate, single
spaced lines. Then double-space and center teeabtive your text. (If your title requires morertiene
line, double-space between the lines.) Double-spgaé before beginning your text. The title shdudd
neither underlined nor written in all capital leteCapitalize only the first, last, and principadrds of

the title. Titles might end with a question markaor exclamation mark if that is appropriate, butina
period.

Number your pages consecutively throughout the sssam (including the first page) in the upper tigh
hand corner of each page, one-half inch from tipe Type your Team # before the page number. Make
sure the page-number is always an inch from th&-fignd edge of the paper (flush with the rightehan
margin of your text) and that there is a singleegplaetween the page number and the top line of Dext
not use the abbreviatigm or any other mark before the page number.

Tables should be labeled "Table," given an Arabimeral, and captioned (with those words flush & th
left-hand margin). Other material such as photdgsapmages, charts, and line-drawings should be
labeled "Figure" and be properly numbered and oapt.

Generally, the simpler the better. Why spend mameygimmicky, unwieldy, slippery binders, when |
prefer nice, flat stacks of papers they can suff my briefcase. A simple staple in the upperheafihd
corner of your paper should suffice.

Electronic Submissions
All your electronic submission should be sent aste80 minutes before the start of the class to:

houshyar@wmich.edu

When naming your electronic file, use the followfogmat:

TeamX-HWX-IMExxxx-Spring11.doc
Examples: Team1-HW3-IME3110-Spring11.EXE;  Team5-RepdMIE3300-Spring2011.doc



Week Number
Week 1: January 10-14

Monday January 17

Week 2: January 19-21

Week 3: January 24-28

Week 4: March 31-Feb 4

Week 5: February 7-11

Week 6: February 14-18

Monday February 21
Wednesday February 23
Friday February 25
February 28-March 4

Week 10: March 7-11

Week 11: March 14-18

Week 12: March 21-25

Week 13: March 28-April 1

Week 14: April 4-8

Week 15: April 11-15
Week 16: April 18-20

Tuesday April 26

COURSE OUTLINE
Topic

Chapter 1: Introduction to Modeling Simulation

Chapter 2: System Dynamics
MLK Day

Chapter 3: Simulation Basics
Lab 1: Introduction to ProModel

Lab 2: ProModel World View, Menu, and Tutorial

Lab 3: Running a ProModel Simulation

Chapter 4: Discrete-Event Simulation
Lab 4: Building Your First Model

Chapter 5: Getting Started
Lab 5: ProModel’'s Output Module

Chapter 6: Data Collection and Analysis

Lab 6: Fitting Statistical Distribution to Inputda

Chapter 7: Model Building
Lab 7: Basic Modeling Concepts

Preparation for th& Test
First Test

Spirit Day

Spring Break

Chapter 7: Model Building
Lab 7: Basic Modeling Concepts

Chapter 7: Model Building
Lab 7: Basic Modeling Concepts

Chapter 8: Model Verification and Validation
Lab 8: Model Verification and Validation

Chapter 9: Simulation Output Analysis
Lab 9: Output Analysis

Chapter 10: Comparing Systems
Lab 10: Comparing Alternative Systems

Review of the Previous Chapters
Final Presentations

Final Exam: 8:00-10:00 am



