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IOE 474 Simulation

Winter 2005
Administrative
ClassTime: Tuesday& Thursdg, 3:00-4:30pm
Class Location: 1610 IOE Building
Website: http://ctools.umich.edu BIOE 474
Prerequisites: IOE 316 (Probability), |OE 366 (Statistics),
IOE 373 (Information Systems)
Lab Times: Section 2: Wednesday, 2:30 -3:30 pm
Section 3: Wednesday, 3:30 -4:30 pm
Section 4: Wednesday, 4:30 -5:30 pm
Section 5: Wednesday, 5:30 -6:30 pm
Lab Location: G610 IOE
Instructor
Instructor: Omer Tsimhoni, Ph.D.
Adjunct Assistant Professor, Industrial and Operations Engineering &
ResarchFellow, U of M TransportatiorResarchinsttute (UMTRI)
Office Hours: by appointnent (afterclasspreferred)
Office at |OE: 1777 10E Building, Ann Arbor, M1 48109-2117
E-Mail: omert@umich.edu (always use 474 in the title)
Phone: (734) 763-2498 (at UMTRI)

Graduate Student Instructor

GSl: Changxu Wu, Doctoral Candidate

Office Hours: Friday 11:30 AM- 1:30 PM

Location: 2717 |0OE Building, Ann Arbor, Ml 48109-2117
E-Mail: changxuw@umich.edu
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About Simulation

Simulation is awidely-used technique for modeling complex engineering systems. Simulation involves imitating
alternative system designs (real or hypothesized) to evaluate probable system behavior, without going to the expense
of actually constructing or implementing those systems. Simulation includes the development of scale models and
equipment testing under controlled conditions. Computer-based approaches to simulation include solids modeling,
continuous-time process simulation, and discrete-event simulation. The primary focus of IOE 474-Simulation is
computer-based discrete-event simulation.

Manufacturers use discrete-event simulation to model manufacturing systems, including work cells, conveyors,
automated guided vehicles, storage and retrieval systems, etc. Airlines, trucking companies, and railroads use
simulation to model fleet logistics, distribution centers, and traffic. Designers of communications networks and
computer systems use simulation to model switching systems. Health care providers use simulation to model
resourcdevelsandplacenentin health-cae systens. Epidemiologistsuse simulationto modelthe spread of
diseases. In the defense community, simulation is used to study aircraft logistics and readiness. In public situations,
simulation is used to model police, fire fighting, and judicial systems. Many aspects of financial systems, marketing
systems, informationsystens, etc.can all be studied viasimulation. The scope of applications for simulation is
enormous.

Target Audience

|OE 474 should be taken by those with an interest in the use of modeling and computersin problem solving.
Students in engineering (particularly industrial engineering), operations research, management science, applied
statistics, manufacturing management, health care, epidemiology, and computer and information systems, can
benefit from this course. As both an introductory and aterminal course in simulation, |OE 474 provides literacy in
the use of discrete-event ssmulation as a problem-solving tool.

Course Focus

This course focuses on discrete-event simulation. Within this context we will build and use computer-based
simulation models to investigate the behavior of complex systems. Typically these systems will be composed of
several interrelated elements and affected by random phenomena. Some examples of issueswe will beinterested in
are given below (thelist isfar from exhaustive) :

The utility of simulation as a decision support tool

Representing the rules of system operations in a computer model

Sampling inputs from aknown probability distribution

!
!
!
I Point and interval estimates of system outputs

Course Outcome

A student who completes this course successfully will be able toE

Understand the process and steps of discrete-event simulation modeling.

Demonstrate a basic understanding of how any simulation language computes its answers.

Specify ways a computer can generate uniform and non-uniform random numbers.

Select statistical models for simulation input.

Use statistical techniques to determine which of two simulated systemsis better.

Understand and demonstrate ability to simulate with GPSS/H

Generate simple simulation models with Excel and understand how to use random numbersin Excel
Know in detail how to use ProModel to generate a simulation model

Analyze areal situation, model it, and then build a simulation model to test hypotheses.

* % ok X X X F ok

Much of the course will focus on ProModel, awidely used simulation modeling language for manufacturing. We
will also examine another simulation language (GPSS/H), and summarize some of the differences between
ProModel and GPSS/H. A number of computer-based assignrentsarerequired duringthe course
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Required and Recommended Course Material

Required: Discree-EventSystenBimulation Jerry Banks, John S. Carson |1, Barry L. Nelson, David M.
Nicol, Prentice Hall, 3rd edition, 2000. Every student is expected to have access to the book during class,
for some homework problems, and exams.

Optional: Student version of ProModel. The CD-ROM containing the student version of the software
also contains electronic versions of the following books: ProModel User®Guide,ProModelReferene
Guide, and Stat::Fit Users Guide If you like the convenience of doing homework at home (or other
placesof your choice),the studentversionis recanmended. The studentversionlimits the size of the
model, but should be sufficient for homework assignments.

ProModelis alsoavailableonthe CAEN PC-Netvork. Ortline help files describe much of the material in
theReferene Guide Theon-line User@Guidemay be helpful for providing information on ProModel
that cannot be covered in class due to time constraints.

A student version of GPSS/H is available on CAEN unix machines and a PC version is on the class
website.

Grading Policy

Course grades will be determined from performance on homework, two in-class exams, and a term group
project. Laboratoryassignmentmay beincludedaspartof the homeworkassignments.

If there is adispute about the grading for an individua question, you may turn in the entire assignment (or
projector exan) for aregrale. All of the work, not just the disputed question will be regraded.

Item Weight
Homework 25
Exam 1 20
Exam 2 25
Project 27
Participation 3
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About the Homework

I Therewill be about ten homework assignmentsin this course. Most assignments have a
computer modeling component. Many have statistical analysis components.

I All homework is submitted on CTools. (If you need to withdraw a submission to correct a
mistake pleaseemail the GSlor me.)

I Homework submission timeis Saturday at midnight.

I Late submissionswill be permitted but will incur a penalty of 1 pt for <12 hourslate and .5 pt for
every additional block of 6 hours.

I You are encouraged to post clarification questions about the homework as discussion on CTools.

I Filenames should include at least: unigname-HWxx and optionally Qxx at the end.
E.g., (eminem-HW1.doc, eminem-HW2-Q3.xIs)

Honor Code

All assignments are to be completed on your own. For homework problems, you are allowed to consult
with otherstudentsn the currentclassduring the conceptualization of a problem but all written work,
whether in scrap or final form, are to be generated by you working alone. Y ou are not allowed to discuss
the problem set with previous class members, nor anyone el se who has significant knowledge of the
details of the problem set. Nor should you compare your written solutions, whether in scrap paper form,
or your final work product, to other students (and vice versa). You are also not alowed to possess, |ook
at, use, or in anyway derive advantage from the existence of solutions prepared in prior years, whether
thesesolutionswereformer studentsork productor copies of solutions that had been made available by
theinstructor.Graduatestudentinstructorsmay amswer genera questions and point out how to locate
referene material, butarenot expectedo providedetailed problem-solving assistance. Violation of this
policy is grounds for meto initiate an action that would be filed with the Dean's office and would come
before the College of Engineering's Honor Council. 1f you have any questions about this policy, PLEASE
do not hesitate to contact me.

About the Labs

In Lab sessions, the GSI will introduce you to GPSS and ProModel concepts that will be used in
homework assignments and the term project. Occasionally, othermateral may alsobe presentediuring
thelab sessios. Attendances required.

About the Term Project

The project is to be done in groups of three to four students. It is designed to create a greater
understanding of ALL the stepsinvolved in simulating areal system. It will be described in more detail a
month into the course.

About the Examinations

There will be two in-class examinations, one about half-way through the semester, and the other toward
the end of the semester. Examinations will consist of a closed-book component and an open-book/open-
note (but closed-computer) component.
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Special Cases

I expect you to contact me with any special requests before deadlines, not after them.

When in doubt, please clarify with me in advance.

For example, if you cannot attend an exam, you should let me know before the date of the exam so that
we canscheduleanalternativedate.

Religious Holidays
Pleasdet me know if religiousholidays aregoingto affectyour schedule this term so that we can plan an
alternative.
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. Due (*Sunday
:gég;;g midnight)
Topics chapters) Lab HW  Project
Jan 6 Introduction No lab
Jan 11  Uses, prosand cons of simulation. Ch. 1 (al) 1. EXCEL
Jan 13 Simulation tables and EXCEL Ch. 2 (al) Simulation 1*
Jan 18  Discret-even simulation algorithm Ch. 3 (all), 2. Excel Macro
Jan20  Introto GPSS/H GPSS/Hnotes & GPSS
Environment 2*
Jan 25  GPSS/H: servers, statistics, examples. Ch. 4 (4.1-4.3, 3. GPSS/H
Jan 27 Wrap up GPSS/H. 4.5, 4.7.6), notes  intro GPSS/H
debugging 3*
Feb 1 ProModel: basic elements ProModel notes 4. Introto Project
Feb3  ProModel: routing, entity flow, variable  ProModel User ProModel assigned
Term project: assignment Guide 4+  Thurglay
Feb 8 Input distributions and parameters (1) Ch. 5 review, 5. Using paths
Feb 10  Input distributions and parameters (1) 9.1-9.3 & resourcs 5*
9.4-9.5
Feb15 ProModel: distinguishing entities (1) 6. ProModel & 2/15 Draft
Feb 17 ProModel: distinguishing entities (I1) ProModel notes  Stat:Fit 6*  proposal
Feb22 Resourcegyah networks& review 7. Exam review 2/25
Feb24 Midterm Exam Proposal
Mar1l  Break Break Break
Mar 3
Mar8  ProModel: more routing ProModel notes 8. Routing
Mar 10 ProModel: downtime modeling Priority 7*
Mar 15 ProModel: Grouping and Project discus. ProModel notes, 9. Downtime Project
Mar 17 Random numbers Ch.7 discussion
8*
Mar 22 Random number generators Ch.8 10. Routing Effort report
Mar 24 ProModel: Pull system ProModel notes, Rulesand online
Stream o*
Mar 29 Outputanalysis: onesystan Ch. 11, 11. Output
Mar 31 Outputanaysis: multiple systens, Ch. 12.1-2 Analysis
selectingthe bestsystem 10+
April 5 Verification and Validation 12. Project Project
April 7 ProModel: Gridlock & Scenarios Evaluation evauationin
lab
Apr12 SimRunner and Review for exam PUG 13. Review for
Apr 14  Final Exam exam
Apr19 Auxiliary tools PUG No lab on 4/20
Apr22  4:00-6:00pm Default time for Exam Draft report
(Fri) due
Apr28 5pm: Term Project Due Final report
(Thu) and effort
report online




