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Development of Optimization Method with the Use of Genetic Algorithms for

Natural Language and Related Models :
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Language models are an indispensable element of Natural Language Processing (NLP)
research. They are used in machine translation, speech Iecognltlon part of-speech
tagging, handwriting recogmtlon syntactic. parsing, mformatlon retrieval and others. In
short, language models are ‘probability distributions over sequences of words. There are
;coﬁntless numbers of NLP‘solutions, algorithms and programs applying language models
in specific tasks. Unfortunately, often these are not optimized, but rely on default, most
commonly used sets of parameters. For exa_niple, many of them use numerous objective
functions with different variables but without proper weights applied to them. Users
usually set; these variables them'selves, which causes the results not to exceed a‘certain
mediocre level. In case of small number of variables, users can adjust them manually, but
optimization of objective functions with massive number of variables, especially
multi-objective functions is difficult and time consuming. This was the motivaﬁbn to
propose an application of a Genetic Algorithms (GAs) to optimize the weighting process.
GAs are subset of Evolutionary Algorithms (EAs), inspired by the process of natural
‘selection known from nature. They use bio-inspired oﬁerators such as selection,
crossover and mutation to generate solutions, for optlmlzatlon and search problems. This
way GAs represent randomized heuristic search strategms simulating natural selection
process, where the population is composed of candidate solutions. They are focused on
evolving a populatlon from. Whlch strong and diverse candidates can emerge via mutation
and crossover (mating). There exist different types of GAs, moreover the same type of GA
can bring different quality of solutions, depending on multiple variables, which include
starting population, number of generations or fitness function. Finding the best starting
parameters and type of GA the most aiopropriate for a given optimization problem is a
next challenge. For that reason, I created a library that automatically applies multiple
types of GAs in optimization purposes.

The library was created in C++ language, with the use of .NET environment. Jts
main goal is to be used with different secondary programs and applications,
without significant interfering in the original structure of the solution. Basic
function of library allows the use of several different kinds of GAs like: Simple
GA, Uniform Crossover GA, n-point Crossover GA, GA with sexual selection, GA
with chromosome aging and so forth. User can freely define starting parameters




for GA including: population size, starting population, number of generations,
;type' of mutation and crossover. Advanced functions of the library allow the use of
inultithreaded processing for running several GAS in the same time. Basic option
of multithreading runs the same type of GA with different starting parameters,
advanced version allows to excha_ng'e information between different threads every .
set number of genérations. In case of large number of variables to compute, it is
also possible to separate a mutation and crossover for several threads running at
the same time. .

The most important functmnahty of the 11brary is its easy adJustablhty in
optimization of different kinds of ‘applications. The library is used to run the,
original program in every generation of GA with new weights for variables
generated from natural selection. Time of program running is closely related Wlth
original program processing time. It depends on the type of original solution and
the time of processing one generation is similar to one run of the optimized.
program. ' ' '
During creating and testing the library, numerous experiments have been carried
out. In preliminary expenments the library was used for optimization of
construction of mechanical elements. Later the application was tested on natural
language processing and related solutions. One part of the research was
optimizing Quantitative Learner’s Motivation Model. Thé goal of this experiment
was to optimize the formula for prediction of 1ea_rning'motivation by means of
different weights for three Values interest, usefulness in the future and
satisfaction. For this optlmlzatlon ‘an application in C# using GA library was
created. Data sets for the experiments were acquired from questionnaires
enqulrmg about the ‘above three elements in actual university classes. The
results of the experiment showed improvement in the- est1mat1on of students
learning motivation up to over 17 percentage points of F-score. .

The final experiment aimed to optimize the implementation of Support Vector
Machines (SVl\ds) for the problem of pattern recognition in natural language
data. SVMs are a machine learning algorithm based on statistical learning
theory. They are applied to large number of real- world applications, such as text
categorization, hand-written character recognition, etc. Original program was
created in C++. For this application numerous different types of GAs were tested
with different number of generations, weight range and starting parameters.
Optimization was successful, with different scale of improvement‘ based on
previously mentioned conditions, with the hlghest achieved improvement of over
6 percentage points of recall comparing to baseline and reaching 78% All
experiments data are included in this work.




HCEERROES

EEATT VY X0 (GA) 1, SHEEC RIS SIS T — ISk L ORI CE A A S b o
—URT A I TAITY RLTHY | FEFHOEBR S THRT B Z LI L > TRBA DS LRIEOND
R LN SRR RS D B, L Ls, EIASEEE A 5 GARI & 84 LT ST
FEIED CTIREAITH Y, TOEZMETOVTIEL Ea SN TRV 3 B,

AFRILTHL, SRR VOB 0t RZBWTCGARERTA = & R L5, AW
(i, HEXFRINEAKY LEEET T VEEICRT 555 2 —F B EDEBKITIBNT,
KRBT — 4 BHE LR BHA T T bRk < SOl i ©% 5 2 & 2 EBCIA b Ui,
Bk, HEMEED DHFEET X0 b L R 3O B b+ 7B — 5 2 RS
BT L BEEECH -7, AT Lo T IR 5B HRORE R KX B TX B,

INERETBIC, BEIE ARSTENERICR ORI L SNBEFETET VEBor LIz DN TEZD
IR B DR AR b OTH Y . BRSNS L S5 SCE ORI
LTHEERKT DL ZAKRD bDOWH D, Lo TEEL LRIERFELE (I3 DEzREsNE
EBHDHOLEDD,




