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So Why would you want 

to take this course?

• For many problems there is no feasible way to 
find good optimization solutions except by using 
heuristics methods.

• For other problems, heuristics are easier to use 
and possibly as good as non heuristic methods

• You will learn about methods that are easy to 
program and to understand that can be applied 
to almost all optimization problems and related 
problems like parameter estimation.
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So Why would you want to take this course?

• There is a very high probability that you 

will make use of these algorithms either 

alone or in combination with other 

optimization methods.

• It will be fun to be able to creatively 

generate your own algorithm modifications 

and to try them out on complex project 

case studies.
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Review: Optimization Problem

• Let S be a vector (S1, S2, …,Sn) of 

decision variables

• Optimization goal:  Select the values of 

Si to  minimize (or maximize) an Objective  

Function Cost(S) where the values of Si

satisfy specified constraints, denoted

Hi(S), i=1,…,m.



Heuristics and Metaheuristics

• Metaheuristics (“heuristics” for short) 

depend upon an interaction between local 

improvement procedures and higher level 

strategies to create a robust optimization 

search of a solution space which is 

probably multimodal.
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What are Characteristics 

of Heuristic Methods?

• The term “ Heuristic Methods” is not precisely 
defined.  Here are some characteristics of 
methods that people would generally call 
Heuristic methods:

• They do not guarantee finding an optimal 
solution. 

• They can be applied to many problems 
(general) because they do not rely on rigorous 
mathematical characteristics of the problem.

• Heuristics are generally used on global 
optimization problems.  As a result they 
sometimes accept “uphill” moves (for a 
minimization problem)

•
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Heuristic Methods Advantages
(SA, GA, TS, DDS, RW, etc.)

Easy to learn

Easy to Implement (in serial or parallel)

Doesn’t stop at local optimum and might

find global optimum

Heuristics tend to parallelize relatively 

efficiently (which will be increasingly 

important in the future).
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Examples of  Optimization Problems:

• Parameter estimation

• ( Unconstrained optimization )

• Let S be parameter values in a model.  

• Let COST(S) be an index  of the difference 
between the model values and the 
observed values. 

• Goal is to Minimize Cost(Si) by picking 
best values of parameters.
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Example: Global Climate Application

• Imagine that you have a model COST(S) for how 

sea level is going to increase in response to 

climate change.

• Your model has parameters (componets of the 

vector S) and you have some historical data on 

ice packs, temperatures, CO2, 

• You want to pick the parameters (vectors) so 

that you model best fits past data. (Then you can 

use the model to try to forecast the future)

• Then the COST(S) function is the difference 

between model output and corresponding past 

data.  You want to minimize this.
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Example  Optimization: 

Channel Allocation in Cellular Phone Systems

r = Cell Radius            d = Co-channel Distance

For Hexagons: Q = d/r = (3N)1/2, 

N = Number of Cells per Cluster
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Question is how do you allocate 

channels to minimize interference?

Guest lecture by Prof. Wicker, ECE and project
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Examples of Problems We will consider in 

Projects

• Cellular (telephone) networks

• Protein folding (what are the angles between 
molecules that minimize energy?)

• Satisfiability (can you find values of the 
decisions (binary variables) for which a logical 
statement is satisfied (i.e. is true)?

• Optimization of a model based on partial 
differential equations for fluid mechanics.

• Job shop scheduling (for scheduling work on a 
limited number of machines)

• Maybe others

• PhD students can do research related project.
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What is this Course About?

• This course will present algorithms that 
can solve difficult optimization problems 
including combinatorial and global 
optimization problems.

•First we learn the three most well known 
heuristic optimization  algorithms:

• Simulated Annealing (SA)

• Tabu Search (TS)

• Genetic Algorithms (GA)
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• Then you will start on a group project that 

applies these methods to one of four  project 

areas.  (PhD students can develop own project.) 

• Each project is a fairly complex and realistic 

application.  3-4 members/team.

• As part of the project you will be asked to 

evaluate the performance of SA, GA, and TS on 

the problem and to suggest your own 

modifications in the algorithms to improve 

performance.

• Later in the course we will cover  theoretical 

basics and results about algorithm performance 

(optional material).
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• We will discuss statistical methods for 
evaluating heuristic algorithm 
performance.

• We will also introduce some additional 
heuristic algorithms and hybrid methods.

• We will discuss optimization of continuous 
variable as well as discrete variable 
(combinatorial) optimization.  We will also 
consider combinations of integer and 
continuous variables.

• We will discuss parallel processing and its 
effect on the advantages and 
disadvantages of heuristic methods.



Look at your flyer

• You have a course flyer (light brown 

paper) so your copy of “slides” does not 

include the following slides about  the 

course flyer.
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Advantages and Disadvantages of Different 

Optimization Methods (this appears in the middle 

of handout of lecture slides from the first lecture)

• No one optimization method is best for all 
problems.

• Problems that are linear or convex and 
differentiable have special methods that 
are quite efficient computationally.

• Combinatorial (discrete variable) and 
global optimization (continuous variable) 
are very difficult and might be solved best 
by a heuristic.
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Linear Programming (LP) Advantages

(see form of equations on board)

• Very efficient for many variables

• User Friendly software

• Users don’t need to understand algorithm

END OF HANDOUT 8-24-11
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Linear Programming Disadvantages

• Restricted to linear mathematical form with 

continuous variables

• (Some nonlinear problems can be 

approximated by linear mathematical 

form.) 

• (next time we will continue with 

comparisons for more alternative 

methods)
END OF HANDOUT 8-24-11



Blackboard & Video Note

• Your first homework assignment will be posted on Blackboard tomorrow.

• Go to:  http://blackboard.cornell.edu/ and look for CEE 5290 to sign-up for 

course or search for “Heuristic Optimization”. See 

http://atc.cit.cornell.edu/atc/blackboard/students/ for help to sign-up on 

course website. Notes: 

• Check the course blackboard website regularly for hints or corrections to 

homework assignments, if any. Also try using Discussion Board on 

blackboard for assignment related questions.  You can ask questions or 

look at the answers to similar questions other students have already asked. 

• Take a look at the Matlab Primer on the website (under Course 

Documents) if you are unfamiliar with Matlab.  If you have Matlab problems 

after looking at the Primer please feel free to contact Ying Wan 

(yw387@cornell.edu).  

• Get started on this homework as soon as possible since the programming 

will not allow you to complete it at the last minute.

• If you strongly prefer to use something other than Matlab please discuss 

this with the TA.

• This course will be video taped by VideoNote so that you can review the 

course lecture online while reviewing your notes, or you can view it  if if you 

need to miss class (useful for people with job interviews) .

•
19

http://blackboard.cornell.edu/
http://atc.cit.cornell.edu/atc/blackboard/students/

