Freshman Seminar 

IEOR 24:  Introduction to Industrial Engineering and Operations Research

Prof. Ken Goldberg

Notes on Week 4: Dynamic Programming (Prof Stuart Dreyfus), by Ju Ju
DYNAMIC PROGRAMMING

· Little to do with computer programming

· Fashionable in WW2

· Synonym for ‘planning’

· Sequence of decisions to optimize problem

· Not sufficient to take short-term point of view

· What’s best for 1st decision may have negative implications on 2nd decision

· Therefore, must look at whole problem

WHEN CAN WE USE DYNAMIC PROGRAMMING?

1. Inventory Control – (industrial planning)

· To have an item in inventory for a certain period of time

· How many to start with?

· How often to restock?

· Not certain of number of customers

2. Scheduling problems

· Machines performing tasks

· How to schedule use of machines to avoid bottlenecks?

3. Business strategies

· What plants to build?

· Where to build them?

4. Quality control
· How to test batch to see how many are defective?

· How many tested before batch can be said to be good/be thrown out?

5. Equipment replacement

· How often to replace/repair car?

· Cost of repair > cost of operating current car

· But repair will lower future operating costs

APPLICATIONS OF DYNAMIC PROGRAMMING ACROSS INDUSTRIES

1. Computational biology

· Genomes, gene sequencing, DNA

· Which genes cause which diseases

2. Automatic speech recognition

· Making machines interpret human language through sound

3. Financial engineering

· Optimal way to buy/sell/put value on derivatives

· Very much responsible for causing stock market crash

· Making people think they can be smarter than others!

4. Aircrafts, NASA

· Optimal trajectories

· Using less fuel to reach destination
5. Machine learning, Artificial Intelligence

· Getting machines to perform tasks, solve problems

· Traditional AI – no learning

· Gives theory (provided by expert) to computer

· Now focuses on learning

· Experts can’t explain why they are experts

· Eg. Grandmaster chess player can make 1 good move per second

· Intuitive 
· Adaptive learning VS deterministic learning

· Model-free

· Using dynamic programming, can allow computer to learn through experience to play well

6. Neuroscience

· Brain uses dynamic programming

· Key to human intelligence

FOR FURTHER REFERENCES: 
dreyfus@ieor.berkeley.edu 
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