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Sawitree Chumlamai 2010: Hybrid LZWGA. Master of Science (Computer Science),
Major Field: Computer Science, Department of Computer Science. Thesis Advisor:

Assistant Professor Worasait Suwannik, Ph.D. 63 pages.

LZWGA can solve OneMax and RoyalRoad problems very efficiently. However, the
answers of these problem have high regularity. Therefore, we proposed two new randomly
problems: RandomMax and RandomRoyalRoad. These problems are based on the traditional
problems but the answers are generated randomly. LZWGA could not solve these randomly

problems.

Therefore, we combine a local search algorithm to LZWGA to improved its performance.
We named the algorithm “Hybrid LZWGA”. The experiment shows that local search algorithm
makes significant improvement to the performance of LZWGA. Hybrid LZWGA performs
38% better in RandomMax problem. It performs 55% and 47% better in RandomRoyalRoad

problem with 4-bit and 8-bit block size.

Student’s signature Thesis Advisor’s signature
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LZW_Decompress ()
add entries 0,1 to the dictionary;
read p and output one character corresponding to it;
while ¢ are still left
if ¢ is not in the dictionary

enter in dictionary str(p) + fe(str(p));

output str(p) + fe(str(p));

else
enter in dictionary str(p)+fc(str(c));
output str(c);

p=c

d‘ 9 =} Y w a R
MNN 7 svianeumsnate 1as 1y lsualeoanos Ny LZW
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5 AT 1 5 0011
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= v
TasTuTsunaaieuad | ol ol ol 1l olol 1| 111

q' 9 1Y a R
MNA 8 Msnatelas 1 l¥uA189andI NN LZW

]
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MsAunIRNIZA
d ad a o <3| Y = o Y

TUABUITIANUGATTUT UM TAUNIUVATOUAQN (global search) FI9TINTAUN
a A 9y Y1 v A = 2 Y o 9y

TuilSgiinsdumTagsIddeuaie Ias TuTsulivualugau msaumidaouaz lHial

2 ) = ! o o da 1y o 3

NI MyAummziezaelumslsulysmaenvealszannsnaeguds Tagazsiinisaud
v A

A 1o A 1Y yd a2 = A ° Aa 1
Llaglﬂaﬂuﬂ']ﬂ'lﬁaﬂsll’fNﬂigcﬁqﬂﬁﬂﬂﬂgllagﬁlﬁEl\iﬂ"’lluhlﬂf)ﬂ !quﬂ']ﬂﬂ']@@ﬂﬂﬂﬂgllaﬂllﬂllﬁ?u

~ = 19
nlidswegane
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HillClimbing(current)

begin
local variables: neighbor, a node
current<—Make-Node(Initial-State[problem])
loop do
neighbor<—a highest-valued successor of current
if value[neighbor] < value[current]

then return state[current]

currenté—neighbor
end do
return current

end

M 9 s aReuUeIMIAUNURWIZ NIV Hill Climbing
AREATRNRYY

o 1T o F) I A a 1 Y o
SumMAls current 1971 Tag current 1WuTas Ty TuiAAAINMIYY 122101 current
P 4 1 o a o
TihuduSeuieusuTas TuTauioutiu (neighbor) uAazdl 1ag neighbor tHA1A M3
o v JA a v Ia 9 . v A & o Ja A
current lilyhmsnateWugiiazda natewugiausnazld neighbor ANl natewugiah

H 4 1
70418 neighbor drfaes wruilldiFes 9 miruaNue1IvesTns InTsuUed current 1Y D
a 2 . @ I 9 9 = 1
current 817 1000 ¢ 9214 neighbor 1000 A1 Fudau Tagt current YAIANUMINZAULINADN
neighbor 9AUAANUHUINZAUVDL current LADT current HAIANVHNZTUTDONIN neighbor
[ 1 1 [ o [] L4 4 1 < 4

921/50A1 current 1A RAMNIAY neighbor viuzuil ldises 9 aundzduldau@eulymsou

9

el
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Memetic Algorithm

3’/ Qddy ) a = . . ?x’l )

GU‘L!@]@L!’J‘E‘Hllm!uilﬂﬂu”ﬁ]”lﬂ‘ﬂi]‘bla Memetics (Dawkins, 1976) !,Laxmﬂuu"l,ﬂg]ﬂ
o < o J ax A o Y o ' o v
Ll”ll,ﬁuﬂiﬂﬂ (Moscato, 1989) L‘ﬂuﬂﬁ’wGJJ111151]1!@]91!3‘5L%Qwuﬁﬂiiuiﬁﬂﬁ”luijllﬂﬂﬂ”liﬂlﬁ’ﬂ

~ aaaa A = 1A . ° A
mwzd Taelas IulsuluIsuuaniazgnisend1 U (meme) (Dawkins, 1976) Tunisiunaia

£
]

(% A

MIAUNUANIZ AT INIUTINAY GA tonuilszanTnmlumsidiaou Tagns

Y Y Ao A

o v 1 3 ' i { o 1
awendanguiilungudes uarldnisdununnizinisiaeunangalungy (ocal

i 9

. Y Y A o A A 1% .
optimum) 1nUulY GA 1erIAINUNANTAVBININUA (global maximum)

Q

MemeticAlgorithm()
begin
foundSolution<—false
individual<—getIndividual(createFirstGeneration())
generation<—1
HillClimbing(individual)
while (true)
evaluateFitness()
if (foundSolution=false) || (generation<MAXGENERATION))
break;
individual<—getIndividual(createNextGeneration())
generation++;
HillClimbing(individual)
end while

return individual

end

MNN 10 SHANIVVOI Memetic Algorithm
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s
c% axy U

VUADUITIHI UTNTTY (Genetic Algorithm)

g ax a o < a & Y 9 Ay Yo Y
élluﬁl’fJ“L!’J‘ﬁL“I)'\‘IWH‘Eﬂﬁiﬂlﬂulﬂﬂuﬂﬂu\‘lclUﬂWﬁﬂlﬁ’i']SllﬂﬂJaﬂVlﬂi‘Uﬂ’NiJﬁublmLazalﬁ
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a a o
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anuwiudrlunisdun ¥egnaadulae John Holland TuaouIBFINUENITN 1WUIFs

E)
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AummaeUNMINgaNnge TaeluIsnsN@asuuuUIINUINTVOITINFIA (Mitchell, 1998)
Tumshauegnszinunguuesing Iuleu Tasdowlasdineuvestymildedlugiuuy
Tas TuTaunou vuaves Ias lu TyuazulsAuawvuiavestlymi o Ins Tu Teulvuialng

2 a a3 2
Yu 3 giimsdumnaziivmalugyuam e

Y
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A a o I Y = 9y
ﬂlu@]@ua‘ﬁ!ﬂf\‘lwu‘EﬂjjﬂlﬂﬂﬂTiﬂUﬁ“LUﬂﬂﬁﬂUﬂf:]ll (global search) A NITAUN

o a U . U . { T o d 1
maounnlsgimsaumannsanse laaandsznnsanile lusnamiien lusuiudesoy
Tndnuld SehldansammenTassaunuldiie uaervzdawalidmsdumdiaouing
~ I ] "9 A ?x‘/ A d o Aa 9 [ [ " o A
ngaluledrsarduiiosninuneasimulszannsiillusaonnaudnads lilsdaonna

a

[
I =

ngavansz Taa lUdulszmnsdroululigimssumasenzimanuming auilosni1an

Q

v ]
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' Y 9y 1 @ @ AA = Y Y 1
nauwmuazmﬁmﬂmammu NIANZNAVUIYIAINUAIANULHUIENADNATI uaﬂﬂwmmw

ISP d' 1 Y

o {3 o { ' ' o o d o 1 ° {
Tuyumeeunilumasunaziaiuinlidsawedgde Tohldmasuings ludlumaeung

nga
Genetic Local Search 30 Memetic Algorithms

. . 5 . . { =
Memetic Algorithms (MAs) 19y evolutionary algorithms (EAs) NIWNAUANTAUN
v i1 Y
mW1gA (local search algorithm) o5 V1l591semnsunazaa19au (Fengjie, 2001) Tao
a, I a, { 1
75013 Memetic  Algorithms 1111435n 151U population-based N 1% 1un15uATyrInITHIAN

Nz auRgAFaUnTINEeNI1 Hybrid Genetic Algorithms (Moscato, 2002)
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Tn89114398904 (Freisleben and Merz, 1996) hlﬁ'ﬂ%”uﬂgqﬁ’umu?%g%aﬁuﬁﬂim Tag
Wimafiansaum W Auians wdaeTaona@euiy Traveling Salesman Problem
(1sP) Femmeviindaaliedlugdunuveslng TulsuazegluznsBsauuudundouves
@721a% (combinatorial  optimization) Tﬂmmﬁ'udammﬂﬁﬁ'uﬁ1mw1zmunﬂﬂ§qﬁﬁ1

4 Y (A o d A A a A
NITUIUNTINNANUTNTITY (ﬂWﬁhlsU'Jl'IJﬁEJu!,LagfniﬂaWEJWl!‘lj) IOINNY S ANTMINUBINITH

] v ]
A A =

J . a Y 9)3’/ a a o A
ANDUNANTARNIEN (local optima) GI,UTJ%{]Nﬂ”liﬂ‘lﬁ(i"ILLE]%GL"BGUMG]’E]H’JTJLGINWuﬁﬂiiil!W’E]Tﬂ

] < 1 A a ° A 2
global optima 910 local optima 14 Taguaaaliifiundseaniamlumshauisau

9
9809 (Nguyen and Duong, 2005) ldiiauneudBimanugnisuiazmaiinns
AUMURWIZANUD hill-climbing 114 umsdamsasnve s Ineds sunihgadoyansan
a [ aa (% a oA d' I A v J . 1 ?x’l d' 9
NNUMIING 188 T8N Tﬂﬂmﬂgmmsm%mwmmiﬂmawuﬁ (mutation) (M1UU Iﬂﬂﬂmﬂllﬂ
Y I U 3’/ ad A Y] [ a FY ~ kY [
LLﬁﬂﬂWmu’J”IGU‘L!G]’EJM’J‘EL“]f\‘]W‘LnglﬂiillNf’fllﬂ‘]_lmﬂuﬂﬂ13ﬂuﬁ1lﬂw1$%ﬁ1hﬁm!ﬂﬂiy‘]{ﬂﬂﬁﬂﬂ

Lo . da ' vy
19NV multi-objective VIZJﬂ’J”IﬁJQQEJ”Iﬂllﬂ

a Y A o o 9 9 a d A [
madamsauruanizndigni 1l lunsnadeunedundiamans Ao (gan
Muaazany, 2550) lasldmaiansaunuamiznniGenii sWilansenayile (shuffled
. Y o AA o 1 F) a J A
frog leaping) 181135 AIna1 lunaaeulumsudlymaumsadiamans 2 aumsniinamag
1 A o ~ 9 a g an Y9y 1 9
nuvuaeiiies taziwamasi laninnmsnaaeu linszdaimeana vag ladeaglins 14
madagiansenattlelu Memetic Algorithm enansarnulsed@nsnmvesmsdszuan
o Ao Yy a1y ) ) 2 " a & 9
maounangala uadesldnarlumsaumuuiuniauanios

9

VUADUITIFINUFNTIUUVVTVOA (Compressed Genetic Algorithm)

S A %

v av 1 o < < 1 3’/ Aa o
WnIvednuateniud ldaududounniosuesiunoulIsIFInUENITULAZ IS
Y
Waeg1anieeng lainswanniuaeudtiFoiugnisunuuTiuda (Compressed Genetic
Y
[ 1 o
Algorithm) ¥u Tagnaaeunulayn OneMax tazdyrimvuyusua Iaganuyuialns iy oy
d‘ a a 1 9 d' %‘ % (% (91’/ = 1

a4119991n In3 I Tl nd azinaainIas Ty Teugpeuedvoyas 1Ny AIUIIEINI1TDAAYI

vy 1 { 90’ Y [ {
Aginuadly1d Tasmelulas T lauldifuisannnueveslas luTsuRsisu S1uaun

Y "9 v
$1nuved g I ley uag Tag I Teuneinu (A5AIHY, 2551) AN 11
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1. Hardware:

1.1 19399nONNAADT AIUYANA Intel® Core™2 Quad 2.4 GHz

¥118A1391 2 GB

2. Software:

2.1 Java Development Toolkit: JDK1.6
2.2 NetBeans IDE 6.1

2.3 Operating System: Microsoft Windows XP
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a Y o o a R g a a o =~ [ 9y
qm’mEJu"l,ﬂumaﬂaiwmawummﬁmwugﬂssmmuummm‘u LZW nly
J v Aad Y A A 1 ) a A o .
FINNUVITNITAUNUANIEN (3UNIT VUADUITIFINUTNITNUUUNTY (Hybrid LZWGA) Tagae
msunimmzin lgnainsiingzuIuNMINIWUENTIN (genetic operator) 1147 1Y
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CreateTargetChromosome()
begin
for i=0 to chromosomeL ength—1
target[i]<—random(0 or1)
end for
end

int FitnessEvaluate(int[] chromosome)

begin
fitness<—0
for i=0 to chromosomeLength—1
if chromosomelil=target]i]
fitness++
end if
end for
return fitness
end

a v A <
MNN 13 TUANINUYDI RandomMax ﬂimwmmmqmﬂu 1
ﬁﬂljﬂ RandomRoyalRoad

laym1 RoyalRoad Hutlayyirisrassymidanuduiusvesialulas Tulyw Tae

o { 1 a o < 1 T W v 1 a
Mapundeinsnenvesianndalundeniiauniny 1 lumsdasanumungauminiala
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d7UV0IN159AAIANNNNIETY (FitnessEvaluate()) 101551 TA5 Ty Tarunag i
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CreateTargetChromosome()
begin
for =0 to blockSize—1
block[i]€¢—random(0 or 1)
end for
m<—0
for j=0 to chromosomeLength—1
for k=0 to blockSize—1
target[m]<—block[k]
m++
end for
j<—j+blockSize
end for
end

int FitnessEvaluate(int[] chromosome)
begin
count<—0.fitness<—0,k<—0
for i=0 to chromosomeLength—1
for j=0 to blockSize—1
if chromosomelk]=target|k]
count++
k++
end if
end for
if count=blockSize
fitness++
end if
i<—i+blockSize
end for
return fitness*blockSize
end

~ v A AA v 3
MNN 14 5 ANIUVDI RandomRoyalRoad ﬂ'ﬁﬂ!ﬂﬂWﬂ’JHJﬁ:fmﬂu 1
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2. HUININSNAADY
2.1 naaeulsa@ninwued LZWGA N1 GA

suFeuneudscansninued LZWGA  uay  GA Tagnaaesnuigm
RandomMax 118¢ RandomRoyalRoad vuaviHawuia flaslulesn LZWGA vu1a 168 U
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A [ AR Aq Y dyd o AR Aa U %] =
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J 1 I
MANNguIL 0 waz 1

2. 152an5MMYe3 LZWGA 11 GA Tuilgyn RandomRoyalRoad 191013

o wa 1 Taesmualdvuraudendlu 4 uay 8
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3190 1 W5eesn s lunsudilymr RandomMax

a I'4

MINN0S LZWGA GA
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asy (% = d' v A (%
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m319h 2 iniwesh 1¥lunmsudiam RandomRoyalRoad

WR0S LZWGA GA
vunlszansg 1000 97
AANUHIZTNUDIAADU 1,000
axy % A d’ v A %
IFNIAAADN wuvszand Ias lylsunssananull 4 @
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Abstract

LZW encoding in GA (LZWGA) is an
algorithm developed from Genetic Algorithm (GA).
LZWGA encodes chromosome in a format that can be
decompressed using Lempel-Ziv-Welch (LZW) algorithm,
which reduces the length of the chromosome and enables
the algorithm to solve very large problems. However, the
performance of the algorithm was evaluated using

problems which every bit of solution is 1. This paper

proposes two benchmark problems: RandomMax and
RandomRoyalRoad, which are based on OneMax and
RoyalRoad respectively. The difference from the original
problems are their solutions are not all 1's. The fitness is
evaluated by comparing the chromosome with a random
value. The experiment shows that LZWGA can solve
RandomRoyalRoad and RandomMax better than GA when
the randomness is 0 but its performance is worse than GA

when the randomness is 1.

Keywords: RandomMax, RandomRoyalRoad, LZWGA,

GA, OneMax, RoyalRoad
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CreateTargetChromosome()
begin
for i=0 to chromosomeLength—1
target[i]¢—random
end for
end

int FitnessEvaluate(int[] chromosome)
begin
fitness<—0
for i=0 to chromosomeLength—1
if chromosome[i]=target[i]
fitness++
end if
end for
return fitness
end
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CreateTargetChromosome()
begin
for i=0 to blockSize—1
block[i]<random
end for
m«—0
for j=0 to chromosomeLength—1
for k=0 to blockSize—1
target[m]«—block[k]
m++
end for
j<jtblockSize
end for
end

int FitnessEvaluate(int[] chromosome)
begin
count«—0,fitness<«—0,k<«—0
for i=0 to chromosomeLength—1
for j=0 to blockSize—1
if chromosomel[k]=target[k]
count++
k++
end if
end for
if count=blockSize
fitness++
end if
i«—i+blockSize
end for
return fitness*blockSize
end
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ABSTRACT

LZW encoding in GA (LZWGA) is an algorithm developed from Genetic Algorithm
(GA). LZWGA encodes chromosome in a format that can be decompressed using Lempel-
Ziv-Welch (LZW) algorithm, which reduces the length of the chromosome and enables the
algorithm to solve very large problems. However, the performance of the algorithm was
evaluated using problems which every bit of solution is 1. In previous work we proposed two
benchmark problems: RandomMax and RandomRoyalRoad besed on standard problems --
OneMax and RoyalRoad. The difference from the original problems are their solutions are not
all 1's. The fitness is evaluated by comparing the chromosome with a random value. The
experiment shows that the efficiency of LZWGA in RandomMax and RandomRoyalRoad are

unsatisfied. This paper proposes LZWGA combined with local search algorithm called
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Memetic Algorithm to solve those random problems. From the experiment shows that the

efficiency of it is better than LZWGA only.

Keywords: Hybrid LZWGA, RandomMax, RandomRoyalRoad, LZWGA, Memetic Algorithms.
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