Math 438 Syllabus p.3

Math 438

Math Programming

Fall 2008

Meets:  SU 334   12:30-1:45  TR

Instructor: C. Peltier
Mad 214
Phone 4498

email: cpeltier@saintmarys.edu


Office Hours: M10-11 T 11-12 W3-4 TH 2-3 F 10-11  or see/call me to make an appointment


Text:  Strategic Mathematics 2d Edition by Donald E. Miller and Peter D. Smith, Charles F. Peltier, saint Mary’s College, 2008.

Other tools: Use of Maple( 12 is required in this course, as is a C program called "Simplex" written for this course [both available on the SMC campus network]

Course Objectives:

The mathematical content of this course is a study of certain mathematical theories and procedures used in the allocation of scarce resources [optimization]. It is designed to help you understand and develop deterministic mathematical models, the assumptions underlying these models, and the results obtained from using the modeling techniques. You will be using  the computer for analysis and for presentation of your work. Other presentations of the material can often be found in texts with titles such as "Linear Programming", "Operations Research", "Optimization", and "Management Science".

Significant non-mathematical contents of the course include explicit awareness of learning and problem-solving skills, the development of independent learning skills, and working in project teams.  By the end of the course, you should be able to learn faster than you do now.  We will use cooperative group learning, discovery learning, applied critical thinking, problem solving, and self assess​ment in each class and lab.  You will also be expected to keep a learning journal to help you assess your progress. 

Collaborative Learning:
We will make extensive use of collaborative learning for the purpose of improving the learning process. This will involve regular work with a learning team: during each class you will work with your team on some or all of the following tasks: (1) quiz/problem solving session using information from the reading assignment, (2) minilecture or problem solution presentation, (3) a learning activity (involving concept models to manipulate, critical thinking questions about the models, and skill development exercises to apply the concept to new situations), (4) consulting session (you ask me questions), and (5) assessment of how well you worked as a team to learn the concepts and solve the problems.  There will be very little "lecturing."  Thus, it is essential that you do the reading for every class. 
There are many reasons for using collaborative learning. One is that employers seek individu​als who excel as:



1. Quick Learners



2. Critical Thinkers



3. Problem Solvers



4. Communicators



5. Professionals Knowledgeable in Their Field



6. Team Players



7. Self Starters



8. Creative Thinkers
A broader reason is that collaborative learning brings to the foreground the fact that learning is not about collecting facts but about developing a person, and that the process, important in itself, is most effective when a person is involved on many levels and with many parts of her personality. Knowledge (and learning) can be analyzed in terms of four domains of activity - the cognitive, social, affective and psychomotor - the deepest learning involves acting at high (and low) levels in all four of these domains, and thoughtful teamwork compels some attention to action in all domains.


Course Policies
Attendance: A student is expected to attend every class.  If you miss a class, it is your responsibility to make up the work and turn in any missed assignments.  If you miss an exam or a homework or project deadline, you receive a grade of zero unless you have an official excuse or have made previous arrange​ments with me.  A student who misses more than five classes without valid excuses will be required to withdraw from the class.  The reason for this policy is that you have a responsibility to contribute to your team's efforts.  If you aren't there your team is severely handicapped since each team member has a specific role to play.  

Team Participation:  There is a focus on working in teams in this course.  You will be expected to work an average of 6-8 hours a week outside of class on the course and a good portion of this time will be spent in team meetings and group work on the projects.  You are expected to attend all sessions scheduled by your team.  With each project report each team should include an effort report detailing each team member's actual contributions.  

Report for in-class activities:
At the end of each class, each team must hand in:


  1.
A cover page giving the names and roles of the team members, the three top discoveries made by the group during the class, and a team grade on a scale of 0.0 - 5.0 based on how well it performed on the criteria listed in the activity.  The grade should be consistent with the reflector's assessment.


  2.
A Table of Contents for the report (may be on the cover page).


  3.
The work products of the team, including the reflector's and recorder's reports, the quiz (if any) and any other relevant materials produced during the class. 


Team Grade:  I will also assign a grade to your team’s work; your grade for the activity will be the sum of these two grdes. 

I will select the team participants.  If someone just does not work out on a team for any number of reasons, the two teams can arrange a trade (before the assignment of the mini-project).  The two people to be traded must agree and at least one other member of each team must also agree before a trade can take place.  

Base Concepts test: The material for this course builds on material you have learned in previous courses. Specific mathematical content is listed in the "Base Concepts" section of the Knowledge Map for the course. You must pass (score of at least 90%) a test on the mathematical base concepts to receive credit for this course. The test will be given in class for the first time in class on September 2. Retakes will be possible but your maximum possible score [as counted in the semester grade] decreases for each retake required.

Course Assignments: There will be regular reading assignments, to be completed before each class, and regular (individual) written assignments due each Tuesday. In addition, you will be assigned a mini-project and a major modeling project.  These will be group projects for which the entire group receives the same grade.  They will be graded on how well they are written as well as on their technical content.  You must hand in a rough draft of your projects on specified dates - at least three classes before the project is due.  Failure to hand in the rough draft will result in loss of 5 points on the project grade.  Failure to hand in the project on time will result in loss of all credit.  Late homework will be corrected but you will receive no points for it.  

Learning Journal:  Each student must keep a learning journal in which she will have entries, as noted, for each class meeting. I will collect the reflector's learning journal the first class following the week in which she is the reflector.  Each day the class meets you are expected to complete a Daily Assessment form and record (as a minimum) the most valuable thing learned, two of your greatest strengths and two most important areas for improvement with a plan of action to address the most critical area for improvement. The team captain should complete an Activity  Assessment form for each activity she leads.  You should also complete the critical thinking questions in each day's activity and hand these in with your learning journal.  Feel free to add other related materials, comments and reflections to your learning journal.

Grading: The general grade letter equivalents are  : A > 90 > B  >  80 > C  > 70 > D > 60 > F  with + and - grades in the upper/lower 2% of the ranges
Points will be earned in the following categories (percentages will be determined by the class).



Base  Concepts test 9/4)


10



Two tests (10/2, 11/13) 


______



Homework 



______



Daily Quiz/Problem solution

______ 



Daily Class Assessment


______



Major Project (due 12/16)


______



Mini-Project  (due 10/9) 


______



Learning Journal



______



Final Exam (10:30 Tues 12/16)

______




Total




100

Honesty Policy: See the statements in the Student Handbook [College Honesty Policy]  and the Mathematics Department Website.  In this course, dishonesty will result in a grade of zero for the work involved.  Continued infractions will be referred to the Office of Academic Affairs for disciplinary action.  You are encouraged to compare ideas with other students but you should write up your own homework without using notes made during joint sessions until you get stuck.  Copying someone else's work or using their computer files or programs is never allowed.  Failure to adhere to this policy will cause loss of all credit for the work in question. Homework is to be completed on your own.  Since most of the course work is in groups, this may be hard to remember.

Course Schedule:


Week


Topic


1

Review of Base concepts


2

Review of Linear Algebra [Base Concepts Test]


3

Modeling of Linear Programming Problems 


4

Geometry of Rn 


5

Linear Programming - Graphical Solutions 


6

Review and Test

7

Linear Programming - Algebraic Solutions

 
8,9

Linear Programming - Simplex Method


10

Post Optimality Analysis


11

Review and Test


12

Non-Linear Programming - unconstrained problems


13,14

Non-Linear Programming - constrained problems


15

Search Methods

Some critical dates:

9/4
Base concepts Test

9/25
Miniproject Draft due

10/2
Test 1

10/9
Miniproject final due 

11/6
Major project part I (A, B, C) due 
11/13
Test 2 

11/20
Major project computer solution due 

12/2
Main project draft  due

12/16 10:30 
Exam/Main project due 

Math 438 Knowledge Map

I. CONCEPTS

Base Concepts

	Matrices
	Vectors
	Writing Reports
	Calculus

	
	
	
	

	Arithmetic
	Arithmetic
	Organizing
	Functions

	Systems of Equations
	Lines
	Analyzing
	Derivatives

	Gauss Elimination
	Inequalities
	Synthesizing
	Critical Point

	Elementary Matrices
	Vector Space
	Posing Questions
	Relative Optima

	Inverses
	Linear Independence
	Communicating Solutions
	Absolute Optima

	Singular & Nonsingular
	Spanning set
	Communicating Data
	Gradient

	Solution Space
	Basis
	
	

	Column Space
	Subspace
	
	


Course Concepts

	Geometry
	Linear Programming
	Non-Linear Programming
	Constrained Optimization
	Search Methods

	Extreme points
	Basic Feasible Solution
	Quadratic Form
	Equality Constraints
	Three Point

	Linear Combination
	Post Optimality Analysis
	Necessary & Sufficient Conditions
	Inequality Constraints
	Fibonacci

	Convex Combination
	Shadow Prices
	Convex & Concave Functions
	Necessary & Sufficient Conditions
	Multidimensional Techniques

	Affine Combination
	Penalty Costs
	
	
	

	Conical Combination
	Graphical LP solution
	
	
	

	Polytope & Simplex
	Optimality Test
	
	
	

	Polyhedron
	
	
	
	


II. PROCESSES, TOOLS, CONTEXTS

	Processes
	Tools
	Contexts

	Gauss Elimination
	Derivative
	Industrial Engineer

	Finding Inverses & Elementary Matrices
	Partial Derivative
	Consultant

	Computing Solution & Column Spaces
	Maple
	Project Team Member

	Finding Critical & Optimal Points
	Simplex Program
	Technical Writer

	Modeling
	Hessian
	Problem Solver

	Making Assumptions
	Lagrangian
	Sensitivity Analyst

	Assigning Variables
	Kuhn-Tucker Conditions
	

	Setting up Objective Function
	Steepest Descent
	

	Setting up Constraints
	Conjugate Directions
	

	Putting in Standard Form
	Penalty Method
	

	Simplex Method
	Barrier Method
	

	Performing Postoptimality Analysis
	
	

	Solving Equality Constraint Problems
	
	

	Solving Inequality Constraint Problems
	
	


III. WAY OF BEING

As a result of study in Mathematics, a graduate of Saint Mary's College with a major in applied Mathematics will have accomplished the following:

1. The graduate will have developed learning skills and acquired a firm foundation of knowledge of fundamental mathematical concepts, methods, reasoning, and language sufficient to support further academic work or a career in an area that requires mathematical understanding.

2. The graduate will be able to apply her mathematical learning skills and knowledge and also to utilize appropriate technology to develop models for solving problems and analyzing new situations, both in mathematics and in areas that use mathematics.

3. The graduate will be able to communicate her ideas and the results of her work, both orally and in writing, with clarity and precision.

4. The graduate will be prepared to use her knowledge and learning skills to undertake independent learning in areas beyond her formal study.

5. The graduate will be prepared to use her critical thinking skills and mathematical knowledge as a contributing member of a problem solving team.

6. The graduate will have examined and formed ethical principles which will guide her in making professional decisions.

IV. COURSE THEMES

1. Continuously growing learning skills through teamwork and assessment;

2. Building and analyzing models of real problems;

3. Understanding when and why a problem solution is optimal;

4. Wisely using technology to solve problems;

5. Finding optimal solutions to linear and nonlinear problems;

6. Performing postoptimality analysis.

V. TOOL PROFICIENCY

1. Expertise with derivatives and partial derivatives;

2. Ability to use Maple to model and solve linear programming problems;

3. Facility with setting up data files and interpreting results of the Simplex Program;

4. Ability to compute the Hessian and Lagrangian and knowing how to interpret their patterns;

5. Knowing what it means to say that a problem satisfies the Kuhn-Tucker conditions.

Team Roles
In order to give attention to the learning and working process, there are four roles that must be filled in each team activity. Teams should rotate these roles weekly so that each member gains experience with each role.

Team Captain - Performs the Spokesperson/Planner role in a 3 person team.

  -
Keeps the group on task and makes sure everyone is having fun;

  -
Ensures that the group accomplishes the task within the allotted time;

  -
Encourages full participation by each group member;

  -
Ensures that all team members can articulate what has been learned;

  -
Ensures that the other group members perform within their roles;

  -
Represents the group in all interactions with the instructor.

Recorder

  -
Records team roles and instructions at beginning of activity;

  -
Takes notes of important points which come up during the activity;

  -
Ensures her words accurately reflect team consensus.  Checks wording with the team when necessary;

  -
Prepares a written report of the team's decisions and discoveries during each activity (handed in each class).

Reflector

  -
Watches group process: what is going well, what is needs improvement, what can be done to improve the process (use constructive criticism);

  -
Writes down and reports orally her observations to the group when needed  to help make the work go forward and help the group to function better;

  -
Prepares a written report and checks it out with the team during the end-of-class assessment period.  This will include:


  -
Role, strength and area for improvement of each team member;


  -
Greatest strength of the team as a whole, two areas most in need of improvement, actions to improve performance and two insights about the team's perfor​mance;

  -
Reminds the team leader of her duties if necessary.

Spokesperson/Technology Specialist/Planner

  -
Comes up with a plan for accomplishing the team task. 

  -
Retrieves information from various sources (computer, text, manuals...).

  -
Encourages risk-taking and critical thinking.

  -
Synthesizes other members' directions and reports results.

  -
Gives the team report orally at the end of the activity.

Note that all team members must fully participate in the learning exercise while performing their roles.  All must really want the team to succeed.

PERFORMANCE CRITERIA FOR TEAM ROLES
Team Captain

  1.
Keep the process enjoyable and rewarding;

  2.
Keep all team members performing within roles;

  3.
Keep the team focussed;

  4.
Keep all team members involved in the problem-solving process;

  5.
Ensure that all team members can articulate what has been learned;

  6.
Time management;

  7.
Stress management;

  8.
Active learner and contributor;

  9.
Overall team performance;

 10.
Plan time for various tasks;

 11.
Set up meeting times and places, meeting length, deadlines;

 12.
Act as the objective internal mediator when interpersonal conflicts arise;

Recorder

  1.
Record names and team roles at beginning of class;

  2.
Record instructions at beginning of task;

  3.
Quality of listening and recording skills;

  4.
Legibly document the process, group decisions, and discoveries in the Reporter’s Journal;

  5.
Active learner and contributor;

  6.
Ability to control information flow;

  7.
Ability to rearticulate concepts in alternative forms;

  8.
Ability to integrate and synthesize multiple ideas;

  9.
Ability to diagram and draw pictures;

 10.
Create and communicate algorithms;

 11.
Prepare the report for handing in at end of class;

Reflector

  1.
Ability to rephrase or reframe evaluations into constructive criticism;

  2.
Observation skills;

  3.
Reports strength, area for improvement, and insight in the Reflector's Journals;

  4.
Provide information about group interactions and process;

  5.
Active learner and contributor;

  6.
Intervene with observations about the process and strategies for change;

  7.
Remind team leader of duties;

  8.
Acquires sufficient evidence of behaviors and documentation to permit fair judgements to be made in the event of mediation and conflict resolution.

Spokesperson/Technology Specialist/Planner

  1.
Listening and communication skills;


  2.
Observation skills;


  3.
Experimental skills;


  4.
Retrieving information from various sources;


  5.
Active learner and contributor;


  6.
Planning and management skills;

  7. 
Critical thinking;


  8. 
Collaborating;

  9. 
Synthesizing;

10.
Risk taking;

11.
Computer skills;

12.
Giving oral reports;

� D. K. Apple, S. W. Beyerlein, M. A. Schlesinger, Learning Through Problem Solving, Pacific Crest Software, Corvallis, OR (1992), p. vii.





