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What is OR?



Feb 24, 2006



F. Chen /[email protected] ©Copyright Feng Chen 2004,2005. All rights reserved.



Page 2



Outline for today Syllabus and Course Structure Introduction to OR Introduction to Linear Programming (first topic)
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About me Feng Chen (陈峰) Office Hours : am 8:00 –11:30 , pm 1:30-5:00 Office : Room 302, Mechanism Building, Xuhui Campus Tel : 62932181(o) , 13918071898
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Discussion and Get Lectures http://iem.sjtu.edu.cn/resource/or1/forum/discuss.asp Download lectures from ftp://public.sjtu.edu.cn by fchen (id) and public (pw) 24 hours before class.
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Text book Wayne L. Winston, Operations Research: Applications and Algorithms, third edition, 1994.
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Course Objectives Learn some basic techniques and methodologies of Operation Research (OR). Learn to use some important optimization software. Use these knowledge to solve some real problems.
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Class Structure Grading and Assignments – – – –



HW and Participation - 15% Presentation & Programming (Software) - 15% Middle Exam - 20% Final Exam - 50%



Attendance in class is required – Absences will be detrimental to your standing in the class.
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Introduction to OR
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Culture and History Operations Research started as a named field in WWII(1930s), thanks to physicists such as Philip M. Morse Empirical science: using all relevant scientific methods to solve managerial decision problems
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Quotes Quotes From “Methods of Operations Research”, Morse and Kimball “Operations Research is a scientific method of providing executive departments with a quantitative basis for decisions regarding operations under their control.”



Feb 24, 2006



F. Chen /[email protected] ©Copyright Feng Chen 2004,2005. All rights reserved.



Page 11



Quotes (con’t) “Operations Research … is an applied science utilizing all known scientific techniques as tools in solving a specific problem.”
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Quotes (con’t)



“Operations Research uses mathematics, but it is not a branch of mathematics.”
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Quotes (con’t)



“… Operations Research is often an experimental science as well as an observational one.”
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Quotes (con’t)



“It often occurs that the major contribution of the operations research worker is to decide what is the real problem.”
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Culture and History Most Major Advances in Operations Research Have Come from Work on Real Problems A. K. Erlang, Danish telephone engineer -invented queueing theory in work aimed to determine optimal capacity of newly invented central telephone switching centers (1915)
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Chinese Postman Problem Mei-Ko Kwan(管梅谷) ,Graphic Programming Using Odd or Even Points , Chinese Mathematics, 1:273-277, 1962. “When the author was plotting a diagram for a mailman’s route, he discovered the following problem: ‘A mailman has to cover his assigned segment before returning to the post office. The problem is to find the shortest walking distance for the mailman.’”
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A Facility Location Problem Hua Lo-Keng and others, Application of Mathematical Methods to Wheat Harvesting, Chinese Mathematics 2:77-91, 1962. “…the work of wheat harvesting in the Peking suburbs was participated in by teachers and students…The objective …was experimental use of mathematical methods in the selection of the threshing site most economical of transportation.” Feb 24, 2006
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Successful Applications. Police Patrol Officer Scheduling in San Francisco (1989) – Save $11 million per year, improved response times by 20%, other revenue $3,000,000 Reducing Fuel Costs in the Electric Power Industry. – Save $125 million
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Successful Applications(con’t). Designing an Ingot Mold Stripping Facility at Bethlehem Steel. (1989, $8 million) Gasoline Blending at Texaco(1989,$30 mi) Scheduling Trucks at North American Van Lines. (1988, $2.5 million) Inventory Management at Blue Bell. (1985, 31% inventory)
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Current Hot Topics From Operations Research (Very known journal): – Homeland Security – Call centers – Internet modeling – Revenue management – Game-theoretic supply-chain management – Supply Chain and Logistics
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Current Hot Topics (con’t) From Mathematics of Operations Research: – Internet modeling (heavy tail distributions) – Auction theory – Financial engineering – “Price of anarchy” • Aims at analyzing the difference between performance under "selfish behavior" and under coordinated optimization. The methods here are game theoretic, involving Nash equilibrium and competitive equilibrium. Methods of both discrete optimization and continuous optimization arise in the analysis.
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Current Hot Topics (con’t) From Management Science: – – – – –



Social networks Risk management Data mining Strategic planning Service operations
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What We Will Learn Linear Programming (Simplex Methods) Integer Programming (Branch and Bound Methods) Dynamic Programming (Forward and Backward methods) Software (Lindo & Excel)
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Introduce to Linear programming hi



vi



c q



vi-1
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Mathematical Programming (MP) What is MP? The format? objective



(MP) express f ( x1 , x2 ,..., xn ) s.t. g j ( x1 , x2 ,..., xn ) ≤ 0, j = 1,..., l style



h j ( x1 , x2 ,..., xn ) = 0, j = l + 1,..., m constraint
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General mathematical prog. What is MP? The format?



(MP) express f ( x1 , x2 ,..., xn ) s.t. g j ( x1 , x2 ,..., xn ) ≤ 0, j = 1,..., l



style



h j ( x1 , x2 ,..., xn ) = 0, j = l + 1,..., m express



description



minimize
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General mathematical prog. What is MP? The format?



(MP) express f ( x1 , x2 ,..., xn ) s.t. g j ( x1 , x2 ,..., xn ) ≤ 0, j = 1,..., l



style



h j ( x1 , x2 ,..., xn ) = 0, j = l + 1,..., m express



description



minimize



Find out a solution which arrives the smallest objective
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General mathematical prog. What is MP? The format?



(MP) express f ( x1 , x2 ,..., xn ) s.t. g j ( x1 , x2 ,..., xn ) ≤ 0, j = 1,..., l



style



h j ( x1 , x2 ,..., xn ) = 0, j = l + 1,..., m express



description



minimize



Find out a solution which arrives the smallest objective



maximize



Find out a solution which arrives the largest objective
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General mathematical prog. What is MP? The format?



(MP) express f ( x1 , x2 ,..., xn ) s.t. g j ( x1 , x2 ,..., xn ) ≤ 0, j = 1,..., l style



h j ( x1 , x2 ,..., xn ) = 0, j = l + 1,..., m express



description



minimize



Find out a solution which arrives the smallest objective



maximize



Find out a solution which arrives the largest objective



maxmin
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General mathematical prog. What is MP? The format? objective



(MP) express f ( x1 , x2 ,..., xn ) s.t. g j ( x1 , x2 ,..., xn ) ≤ 0, j = 1,..., l h j ( x1 , x2 ,..., xn ) = 0, j = l + 1,..., m f(x1,x2,…xn)



description



Linear



2x1+x2
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General mathematical prog. What is MP? The format? objective



(MP) express f ( x1 , x2 ,..., xn ) s.t. g j ( x1 , x2 ,..., xn ) ≤ 0, j = 1,..., l h j ( x1 , x2 ,..., xn ) = 0, j = l + 1,..., m f(x1,x2,…xn)



description



Linear



2x1+x2



Nonlinear



x12+x3
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General mathematical prog. What is MP? The format?



(MP) express f ( x1 , x2 ,..., xn ) s.t. g j ( x1 , x2 ,..., xn ) ≤ 0, j = 1,..., l h j ( x1 , x2 ,..., xn ) = 0, j = l + 1,..., m g(x1,x2,…xn) h(x1,x2,…xn)



description



Linear



2x1+x2=5



Nonlinear



x12+x3
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General mathematical prog. What is MP? The format?



(MP) express f ( x1 , x2 ,..., xn ) s.t. g j ( x1 , x2 ,..., xn ) ≤ 0, j = 1,..., l h j ( x1 , x2 ,..., xn ) = 0, j = l + 1,..., m real number, x∈R
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Linear Programming Definition A MP is called linear programming, if f and gj and hj are all linear function. (MP) express f ( x1 , x2 ,..., xn ) s.t. g j ( x1 , x2 ,..., xn ) ≤ 0, j = 1,..., l h j ( x1 , x2 ,..., xn ) = 0, j = l + 1,..., m express



description



minimize



Find out a solution which arrives the smallest objective



maximize
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Linear Programming Definition (Gia ) max z = 3 x1 + 2 x2 s.t. 2 x1 + x2 ≤ 100 x1 + x2 ≤ 80 x1



≤ 40



x 1 , x2 ≥ 0
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The History of Linear Programming



. George Dantzig Feb 24, 2006
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The History of Linear Programming© 1936 – W.W. Leontief published "Quantitative Input and Output Relations in the Economic Systems of the US" which was a linear model without objective function. 1939 – Kantoravich (Russia) actually formulated and solved a LP problem 1941 – Hitchcock poses transportation problem (special LP) WWII – Allied forces formulate and solve several LP problems related to military A breakthrough occurred in 1947...
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The History of Linear Programming (C) US Air Force wanted to investigate the feasibility of applying mathematical techniques to military budgeting and planning. George Dantzig had proposed that interrelations between activities of a large organization can be viewed as a LP model and that the optimal program (solution) can be obtained by minimizing a (single) linear objective function. Air Force initiated project SCOOP (Scientific Computing of Optimum Programs)
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Today’s LP A large variety of Simplex-based algorithms exist to solve LP problems. Other (polynomial time) algorithms have been developed for solving LP problems: – Khachian algorithm (1979) – Kamarkar algorithm (AT&T Bell Labs, mid 80s) none of these algorithms have been able to beat Simplex in actual practical applications. Simplex (in its various forms) is and will most likely remain the most dominant LP algorithm for at least the near future Feb 24, 2006
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Typical Applications of Linear Programming



1. A manufacturer wants to develop a production schedule and inventory policy that will satisfy sales demand in future periods and same time minimize the total production and inventory cost.
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Typical Applications of Linear Programming



1. A manufacturer wants to develop a production schedule and inventory policy that will satisfy sales demand in future periods and same time minimize the total production and inventory cost. 2. A financial analyst must select an investment portfolio from a variety of stock and bond investment alternatives. He would like to establish the portfolio that maximizes the return on investment.
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Typical Applications of Linear Programming continued



3. A marketing manager wants to determine how best to allocate a fixed advertising budget among alternative advertising media such as radio, TV, newspaper, and magazines. The goal is to maximize advertising effectiveness. 4. A company has warehouses in a number of locations throughout the country. For a set of customer demands for its products, the company would like to determine how much each warehouse should ship to each customer so that the total transportation costs are minimized.
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Typical Applications of Linear Programming continued



3. A marketing manager wants to determine how best to allocate a fixed advertising budget among alternative advertising media such as radio, TV, newspaper, and magazines. The goal is to maximize advertising effectiveness. 4. A company has warehouses in a number of locations throughout the country. For a set of customer demands for its products, the company would like to determine how much each warehouse should ship to each customer so that the total transportation costs are minimized.
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Example (Gia ) min z = 3 x1 + 2 x2 s.t . 2 x1 + x2 ≤ 100



(1) (2)



x 1 + x2 ≤ 80



(3)



≤ 40



(4)



x1



x 1 , x2 ≥ 0



Objective



Constraints



(5) Sign constraints
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Basic terminologies Objective function coefficient



(Gia ) max z = 3 x1 + 2 x2 s.t. 2 x1 + x2 ≤ 100 x1 + x2 ≤ 80 x1



≤ 40



x 1 , x2 ≥ 0
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Basic terminologies Objective function coefficient



(Gia ) max z = 3 x1 + 2 x2 s.t. 2 x1 + x2 ≤ 100 x1 + x2 ≤ 80



Technological coefficient
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Basic terminologies (Gia ) max z = 3 x1 + 2 x2



Objective function coefficient



s.t. 2 x1 + x2 ≤ 100 x1 + x2 ≤ 80



Technological coefficient Right-hand side ( rhs )
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x1



≤ 40



x 1 , x2 ≥ 0
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Homework Read page 1-15 by yourself.
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The End
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