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OVERVI EW

The purpose of this project was to determine if genetic
algorithns could be used to control continuum generation by short
| aser pul ses. Previously, short |aser pul ses needed to be
reshaped by hand using trial and error nmethods to generate the
desired spectrum The highly nonlinear nature of the interaction
t hat generates these spectra nmakes this process both arduous and
i nexact. Qur hope in enbarking on this project was that by
allowing a genetic algorithmto control and reshape the short
| aser pul se shape, we could nore quickly and accurately contro

conti nuum gener ati on.

BACKGROUND ON CGENETI C ALGORI THVB

Prior to beginning nmy work with an actual genetic algorithm
| referenced Handbook of Genetic Al gorithnms (Davis, Law ence
editor, 1991) and Genetic Algorithms in Search, Optim zation, and
Machi ne Learning (Col dberg, David E., 1989) for background
i nformati on. The docunentation that acconpani ed the GENESI S
program we eventually chose to enploy al so provided a great dea

of insight into how genetic algorithnms work.

We decided to try to solve this problemusing a genetic
al gorithm because genetic algorithns are well suited to solving
hi ghly conpl ex problens such as that of continuum generation.
Previous attenpts at controlling conti nuum generation by manual |y

shapi ng the short |aser pul ses had been made with sone success.



Exanpl es of spectra produced by these hand-shaped pul ses can be

seen in Figure 1.
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Figure 1: The lighter colors represent the spectra froman unshaped (Gussi an)
pul se. The darker col ors represent the spectra from hand-shaped pul ses
attenpting to produce a Gaussi an spectrum The three peaks are the results of
t hree i ndependent experinments by Dr. Dougl ass Schumacher, each across a
di fferent range of wavel engt hs.

We al so believed genetic algorithns to be potentially usefu
in this project because genetic algorithnms operate w thout any
“know edge” of what they' re working on. In other words, a genetic
al gorithm evol ves a popul ati on using the sane techni ques
regardl ess of how data is represented in the popul ation. This was
desirabl e because the physics underlying conti nuum generation is

hi ghly non-linear and therefore very conpl ex.



THE STRUCTURE OF GENETI C ALGORI THVBS

Genetic algorithnms are progranmed routines designed to mmc
natural evolution. Just as nature evol ves populations fit to fil
a niche in the environnent, genetic algorithnms evol ve popul ati ons
adapted to solving given problens. Genetic algorithns attenpt to
do this by m mcking the nechani sns of natural evolution such as
crossover, nutation, natural selection, and survival of the
fittest. The details of how genetic algorithnms inplenent these
mechani sns can be found in texts such as Davis (1991) and

Gol dberg (1989).

A genetic al gorithmapplies these nmechanisns to a popul ation
of “chronmosones”, each of which has the same user defined
structure but differs fromother nenbers of the population inits
details. At the nost fundanental |evel, each chronosone is sinply
a binary string of sonme set length. This string can represent a
singl e nunber or a set of nunbers in sequence, each of which
represents sone variable. By evaluating the fitness of each
menber of the popul ati on and appl yi ng the mechani sns of
evol ution, the genetic al gorithmevolves a popul ati on whose
menbers becone nore and nore suited to solving the given problem

with each generation

DEVELCPI NG A GENETI C ALGORI THM




The first step in ny project was to find a working genetic
algorithmand fam liarize nyself with it. The genetic algorithm
eventual |y chosen was John J. Grefenstette’s GENESIS v5.0. W
chose this program because it was fairly well docunented,
reputabl e, free, and easy to use. Another great advantage of
GENESI S v5.0 was its “floating point representation” option. This
option allowed us to think of each chronpsone as a one-

di nensi onal array of real nunbers in some user-defined range. The
conversion of this array to a bit string was done automatically
by the GENESI S program This saved us from having to deci de how

to encode our variables in a bit string.

The first alteration which needed to be made to the origina
GENESI S code was the conbi nati on of the setup program which
defined the structure of the chronosones and set the options for
the genetic algorithm wth the main programwhich ran the
genetic algorithmitself and actually evolved a popul ation. This
was trivial, as the setup programwas sinply inserted into the

mai n program as a subrouti ne.

The second alteration to GENESI S was nuch nore difficult and
time consum ng. Gefenstette's original version of GENESIS was
devel oped to run under UNI X. We eventually wanted GENESI S to be
able to comunicate with the software that controlled our |asers
and interpreted the data fromthe spectroneter/line canera
conbi nation. This software was designed to run under Wndows. The

conversion of GENESIS to the W ndows fornmat was done with



M crosoft Visual Studio C++. The two prinmary problens that needed
to be addressed in converting GENESIS were differences in the
user interface and slight differences in how the C++ conpiler
executed sone lines of code. | will not go into detail here about
these problens, as it is not of particular interest, but sinply
state that eventually a version of GENESI S was created which ran

st and- al one under W ndows.

The final alteration made to the GENESI S code was to enabl e
it tointerface with the |laser and spectroneter/line camera as
part of its evaluation subroutine. It was this evaluation
subroutine which determ ned the fitness of each nenber of the
popul ati on for purposes of selection and reproduction. The code
alterations required at this point were wholly beyond ny
progranm ng capabilities and were done by ny faculty advisor Dr.

Dougl ass Schumacher .

EXPERI MENTAL SETUP

Wth a fully operational and inplemented CENESI S genetic
algorithm we were ready to actually start running our
experiment. The setup of the experiment was as illustrated in
Figure 2. Each chronpsone in our popul ation was an array (using
the floating point representation option in GENESIS) of sixty-
four real nunbers. The first thirty-two of these nunbers
represented phases (0-2L) and the final thirty-two represented

anplitudes (0-1). Each short |aser pulse’'s shape was therefore



the sumof thirty-two conponent waves, each with its own

anpl i tude and phase.
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A short | aser pulse (actually created in many steps but
shown being emtted froma single box for sinplicity) was shaped
according to the variabl es encoded in each chronobsone by a
conputer controlled liquid crystal pul se shaper. The reshaped
pul se then passed through a spectroneter and a |ine canera read

the resulting spectrum The line canera sent its data to the



conputer, which conpared the produced spectrumto a preprogranmed
target spectrum The nore closely the spectruns matched one
another, the better the chronosone that shaped the incident pulse
was considered to be for purposes of evolving the next

gener ati on.

OUR RESULTS

Qur results were encouraging for a first run. Figure 3 and
Figure 4 show results obtained using our first nmethod of spectrum
eval uation. This nethod sinply took the squares of the
differences in intensity between the actual and target spectruns
at each point in the range of interest and summed t hem toget her.
A hi gher nunber indicated a poorer match and therefore a less fit

chr onosone.
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Figure 3: Best results of one run of the experinment. The dashed |ines represent
the target spectrum The top solid line represents the spectrumfrom an
unshaped (Gaussi an) pul se. The bottomsolid |line represents the spectrum

obt ai ned usi ng the pul se shaped by the genetic al gorithm
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Figure 4: Best results of one run of the experinment with the sane paraneters as
Figure 3 but a different initial population. The dashed |ines represent the
target spectrum The top solid Iine represents the spectrumfroman unshaped

(Gaussi an) pul se. The bottomsolid |ine represents the spectrum obtai ned using

t he pul se shaped by the genetic algorithm

Figure 5 shows results obtained by a second neans of
spectrum eval uation. This nmethod was conprised of nultiplying our
target and actual spectrunms and integrating the product of the
two. In this case, a higher nunber indicated a better match and

therefore a nore fit chronbsone.
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Figure 5: The dashed line represents the target spectrum The
darkest line represents the spectrumfrom an unshaped (Gaussi an)
pul se. The lighter line represents the spectrumfroma genetic

al gorithm shaped pul se.

Each of these trials ran through approxi mately seventeen

generations with a popul ati on size of sixty chronosones. |In each

case, the inprovenents nade by the genetic algorithmare clear.

The genetic al gorithm approach to controlling conti nuum

generation definitely seens prom sing.

FUTURE ALTERATI ONS TO THE EXPERI MENT

I ncreasing the size of the chronosones to include nore

phases and anplitudes will allow the genetic algorithmto take



nore control and nmake finer alterations to the pul se shape,
hopefully resulting in even better matching spectra. A second

i nprovenent to the experinment would be to increase the speed at
whi ch the spectroneter/line canera can take data. At this point,
t he speed at which the experinment runs is not constrai ned by the
speed of the genetic algorithmbut by the speed of data taking.
This alteration would of course not change our final results but
woul d allow us to get better results in a shorted anount of tine
as nore chronosones coul d by eval uated and nore generations run
through. Finally, there is the genetic algorithmitself. W wll
continue to try new ways of evaluating the fitness of each
chronosone’s resulting spectrumas well as continue to try new
conbi nations of the options that dictate how GENESI S produces a

new generation fromthe previ ous generation.

CONCLUSI ON

We have found that genetic algorithms can indeed be usefu
in shaping short pulse |lasers to control continuum generation.
Qur initial experinmental results are encouragi ng and we expect
further inprovenments as we fine-tune our experinmental setup,
including the genetic algorithmitself. Eventually, the results
produced by genetic algorithms mght help us to understand the
conpl ex physics underlying conti nuum generation, serving to
further our ability to control this phenonenon. The inplications
of this research could be substantial to our understanding of
short pulse laser interactions and therefore to any field of

sci ence whi ch nmakes use of them



REFERENCES

Davi s, Law ence; Handbook of Genetic Al gorithns;
International Thonson Conputer Press, London; 1991

ol dberg, David E.; Genetic Algorithnms in Search,
Optim zation, and Machi ne Learning; Addi son-Wesl ey Pub.
Co., Reading, MA; 1989

For a copy of John J. Gefenstette' s original GENESIS v5.0 code,
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