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Wherever then all the parts came about just as they
would have been if they had come for an end, such
things survived, being organized spontaneously in a
fitting way; whereas those which grew otherwise,
perished and continue to perish...

--Aristotle, 350B.C.
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In English:
Heuristic (Ad)):
Involving or serving as an aid to learning, discove ry, or

problem-solving by experimental and especially tria l-and-
error methods.

More generally the word is used as a noun across di  sciplines to mean

a “Rule of Thumb” in problem solving.

For instance:
Trial and Error

Draw a Picture
Working Backward
Do what gives the optimal yield at each step (Greed

E.t.c.

y)
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In Computer Science: Similar, but commonly has ad  ditional implications
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(A Less information

In this class we've learned about the importance of formally proving that an
algorithm produces an exact solution and has a part icular run-time.

We've also discussed hardness and have seenthat so  me problems don't seem
to have simple or feasible precise algorithmic solu tions.

In such situations, the fall-back methods that one resorts to are labeled
heuristics.

They're typically taken as not being provably fast or accurate,

But they give results in practice , and are often based on some intuitive rule-of-
thumb .
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Defn: Biomimetics

Applying designs from nature to solve problems in en gineering, materials
science, medicine, and other fields

E.Q.
Velcro

Photograph by Robert Clak

Examining burs plucked from his pants and
dog's coat after a hike in 1948, Swiss
engineer George de Mestral found their
spines were tipped with tiny hooks—
sparking his invention of Velcro. e

Introduction
Heuristics
Biomimetics
Basics
Examples
Success

Alternatives




Other examples:
Whale Fins -> Turbine Blades for Wind Power

Translating whale power into wind power, biomechani st Frank Fish helped design turbine blades
with tubercles (nodules) inspired by the flipper of a humpback whale. The flipper's scalloped edge
helps it generate force in tightly banked turns.

Gecko Agility -> Gecko Tape  (Ref1)

With the observation that embedded within biology t here often exist clever
solutions and principles, the heuristic of “Try to do what's done to solve similar
problems in biology” is logical.

Computer Science areas founded on that line of reas  oning:
Neural Networks
Insect Intelligence
The Immune System as a model for security

Taking a step back:

Evolution is what whittled these biological solutio ns into existence—why not
try to mimic the process of evolution itself to sol ve problems in computer
science?

Evolutionary Computation!
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"
The Basics of Evolutionary Computation

What does it mean to evolve?

In a book on the subject of E.C., Oxford computer s
describes an evolving population as one that has 3

Reproduction with Inheritance
Selection

Heritable Variation

(REF2)

*** This is overly simplistic, but it conveys the basic ideas.

cientist Peter Bentley
essential properties:
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" J
The Basics of Evolutionary Computation

What does it mean to evolve?
A Non Biological Example:

Languages are evolving.
Their genes are words.

Due to the need to communicate
consistent ideas, they are  reproduced
with inheritance by formal teaching,
speaking, and writing.

They are selected for when we choose
certain words over others.

They are varied by our human

tendency to make and use words (REF3): COMPUTATIONAL PHYLOGENETICS IN
whenever and however we see fit, and HISTORICAL LINGUISTICS

we see that this variation is  heritable

because we tend to continue to

(mis)use words in the same way we

learned them.
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So with the 3 properties in mind, we could imagine what
needs to happen to ‘evolve’ a solution to an arbitra  ry problem:

We devise a way to represent elements of the solution population such
that they have traits represented in a way similar to genes.

We devise a way to have those elements reproduce , either “sexually”
or asexually, with descendents inheriting traits

With the constraints of our problem in mind, we dev iIse a way to
evaluate the fitness of elements of the population, and also a way to
confer selective survival advantages. For example, randomly killing off
some elements of the population that are have low f  ithess scores. (But
not all of them! Just as some stragglers get by in the wild.)

Devise a way to impose a method of  variation ; do “cross-over” of
genes during sexual reproduction and occasionally m utate the genes
of a few elements of the population

Generate an initial population , with some variety in their genes

Let the computer impose the laws of the simulated universe  with these
constraints for a few (or a great number) of genera  tions, and then look
at what has been produced
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Typical layout of a simple evolutionary algorithm (

REF4)

Introduction
Heuristics
Biomimetics
Basics
Examples
sSuccess

Alternatives




Example Introduction
Genetic Programming : E.C. approach for 4
finding computer programs. Eles
l.e. an algorithmic approach to EloiuiyuEles
creating new algorithms _
Basics
Population consists of algorithms
Examples
“Genes” are algorithmic
expressions, storable as trees Success
(Ref 11) Alternatives
Branches can be varied, swapped with other members, inherited.

From article “36 Human-Competitive Results Produced by Genetic Programming” (Ref 10):
Creation of four different algorithms for the trans membrane segment identification problem for proteins

Synthesis of analog computational circuits for squa ring, cubing, square root, cube root, logarithm, an d Gaussian
functions

Creation of a cellular automata rule for the majori  ty classification problem that is better than the G acs-Kurdyumov-Levin
(GKL) rule and all other known rules written by hum ans



_ Introduction
Regarding Success:
Heuristics
Evolutionary Computation is not always the best opt jon.
Biomimetics
The field of computational heuristics is itself an evolving _
PR - : Basics
population; and Evolutionary Computation as a probl em
solving .method IS only one of the competing element s inthe Examples
population.
History
Success
Alternatives




What are the strengths of E.C.?

Escaping Local Optima

“In the beginning, the GA generates a diverse initial population, casting a
"net" over the fithess landscape. (Koza (2003, p. 506) compares this to an
army of parachutists dropping onto the landscape of a problem's search
space, with each one being given orders to find the highest peak.) Small
mutations enable each individual to explore its immediate neighborhood,
while selection focuses progress, guiding the algorithm's offspring uphill to
more promising parts of the solution space (Holland 1992, p. 68).” (Ref 5)

Parallelism
Entire populations of solutions are evaluated and a  llowed to
compete, as opposed to evaluating single elements.
Cross-over and Selection make for effective explora  tion of fithess
landscape.
Allows for dealing with huge number of possibilitie S in solution
space

Ex: “A genetic algorithm developed jointly by engineers from General Electric and
Rensselaer Polytechnic Institute produced a high-performance jet engine turbine
design that was three times better than a human-designed configuration and 50%
better than a configuration designed by an expert system by successfully
navigating a solution space containing more than 10387 possibilities. Conventional
methods for designing such turbines are a central part of engineering projects that
can take up to five years and cost over $2 billion; the genetic algorithm discovered
this solution after two days on a typical engineering desktop workstation (Holland
1992, p.72). * (Ref 5)

Can deal with complex/changing fitness landscapes
Elements in the population have no a priori biasto  ward particular
solutions. That they find solutions is an emergent property, a nd so
when a fitness landscape changes, the population ad  justs to the new
selective forces accordingly.
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What are the weaknesses of E.C.?

Premature convergence (Becoming greedy)

A few excessively fit individuals “win” too much in a small population,
effectively acting like a greedy algorithm

It can be difficult to represent problems to avoid becoming
greedy

As with any blind heuristic, there’s no guarantee o f landing
on global optima

Problems Scaling Up
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Alternative Approaches

Hill-Climbing (Greedy)

Simulated Annealing

“The name and inspiration come from  annealing in metallurgy , a technique involving
heating and controlled cooling of a material to inc rease the size of its crystals and
reduce their defects . The heat causes the atoms to become unstuck from their initial
positions (a local minimum __ of the internal energy ) and wander randomly through states
of higher energy; the slow cooling gives them more chances of finding configurations
with lower internal energy than the initial one.

By analogy with this physical process, each step of the SA algorithm replaces the
current solution by a random "nearby" solution, cho sen with a probability that depends
on the difference between the corresponding functio n values and on a global
parameter T (called the temperature ), that is gradually decreased during the process.”

(Ref 7)

Neural Networks

“In the artificial intelligence _ field, artificial neural networks have been applied
successfully to  speech recognition _, image analysis _and adaptive control , in order to

construct software agents (in computer and video games ) or autonomous robots . Most

of the currently employed artificial neural network s for artificial intelligence are based
on statistical estimation _, optimization and control theory .” (Ref 9)

Swarm Intelligence, e.g. Ant Colony Optimization

“It has also been used to produce near-optimal solu tions to the travelling salesman
problem. They have an advantage over simulated anne  aling and genetic algorithm
approaches of similar problems when the graph may c hange dynamically; the ant
colony algorithm can be run continuously and adapt to changes in real time.*  (Ref 8)

Many more!
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