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Abstract

The nearest neighbor rule classification has been used widely. But in case of large amount of
reference data, the nearest neighbor rule classification requires large memory space and expensive
computation time. So, prototype selection process is needed to reduce the amount of reference data,
while maintain the classification efficiency as similar as original reference data. This thesis proposes a
condensing prototype selection algorithm by combining Minimal Consistent Subset (MCS) method
with Genetic Algorithms, called “Hybrid Genetic Algorithms (HGAs)”, which use the benefit of each
method to compensate drawback of another method. In HGAs, GAs provide a global search while MCS
provides a local search. Addition, “Singleton” and “Diversity” techniques are adopted to reduce search
space and perform wider search respectively. HGAs had been tested on several-size standard datasets,
which obtain better results than MCS and GAs in every dataset. Especially in IRIS, which HGAs obtain
an optimal result in every experiment, while GAs can obtain an optimal result in some of the
experiment but requiring more processing time, and MCS can’t obtain an optimal result at all. On large-
size dataset (YEAST, MUSK and PEN). GAs perform much worst, while HGAs have a little better

result than MCS.
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2.5.3 m3taenldsinIniilvinadnsnasiaiulvid (Replacement Technique)

1 ¥
Y =2

madonTds Ta'lndi dwadniiaatulwiifumaiamsidon s Talndi
TusTalndwadwivzidusadosvesgatinaounse lun 14 nursanuiunaiinnisiden
TsTalnd ludnuaefamsadia s Talndun1nd 18 Sedoiiudedveisa mne
Ts Talndmadns hisuiludosdarafuanvosyadoyarinaou SeiiTomadioz 14105 Ta Ind)
wadwinand3smaiden TusTalndAl¥wadnt dumadosyadoyaiinaou dedamaiia

msaon1Us Ia' il ludnyaeil 9y MCA [8] 1ag LVQ [9]

2.5.4 mataenldslalninlduaansiiuyatos (Selection Technique)

maidonTUs Ta'lndi ldnadnsifusadendumaionsidon s Tnlndd
TsTa'lndwadwszilumadosvesgadoyainasuaue visnwinnaiinnisiden
s TnTnd ludnuae iddenindon Wilandnngadeyainaeumniu fniumaves
Tus T Indnadnsazifluatesvosyadoyainaeuayes edrunaiamsidon 1us Ialnd

Tuanvmeil 1% CNN [10] 1ae MCS [4]

Divided by Purpose A
| - Condensing

Technigues

5 Editing
Prototype Techniques

Selection
Techniques

Selection
Techniques

Replacement
Techniques

| Divided Ey Result |

51 2.6 urudamaiianmadon s Talnd nuudies



16

msidenTals Ta Ind ludneorfinusatiuiiv unny “Condensing-Selection Prototype
Selection” nanfeilumaidenTsTalndioansnaudeyadredeildlumssmundoya
Tag19 NN Rule aaTagii s Ta lninadnsit 1@ dusndesvesyadeyatinaoy luvusziiss
erammm%’nmilsxﬁnfﬁmw“lumifﬁumm’faga1?’%’%5&3&4ﬁumiﬁl%’fqﬂ%gaﬁnaauﬁfanﬁn
fudeyadada Tavezidunilamiuun1 “Minimal Consistent Set Problem™ [11] duiiiuilapm
wuy NP> [12] nandediuilywi hionudlddrennens vaznamisiia

nmiaded 2.5.1 aznﬁu'j1§qﬁ1ﬁmﬁmﬁﬂunmﬁﬂnTﬂﬂm"lwﬂ“luﬁ’nymzf;ﬁa 13
Swundoyaind s Ta lnilnadwiifiudoyadredarzdosiitlszAnfamnissumunlndifoadiy
msiuundeya lasldgadeyatndewdudeyadieds FarlszAns munis drumndeyarfu
aunsnuaas 8 luglvesvouwanisdaduleiuinsanuinsden s Talnd (iloan
snnuteyadiesy) At s Tnlndnadnii 1§z deadiveumanisdadulalndidueiy

3l
wauamsaadulody TasilywinuuiiEendt “Minimal Consistent Set Problem”

2.6 VOUIUAMIAAAN]D (Decision Boundary)

waualunisaaduloveamsduundoyalasld NN Rule aunsouaaseoninly
suluVAE 31 “Voronoi Diagram” [13] #aeganaassgilit 2.7 Tnsdmualigadeya

a o a o o
ﬂﬂﬁﬂuﬂizﬂﬂ‘u‘lﬂ%’]Uﬂﬂﬂl%ﬂ‘ﬁuﬂ A TUIUS ﬂﬂﬂk%ﬂiLﬁgaﬂUL%ﬂ‘ﬁuﬂ B 91U U 5 9aULA

o e ar =y

[} a a 1 o v a
uﬁﬂqaguuﬂ‘mnﬂmanymmww A ﬂ:mu'mf?’umaﬁﬂ'maNl.fluwummnﬁﬂﬂﬁuh“lu

a

o =

1 J = ) 3 d 1 a { [ a a
HUNTEWINTUA A N ¥UA B Huﬂu'lﬂﬂ’ﬂll‘ﬂﬁ'lflﬂﬁlﬂﬁlﬂlli.l‘l"l'j’lﬂ‘h’uﬂﬁllﬁﬂﬁﬂgﬂuﬂig M
@ aa o 1 v a @ o o o =] '
ANYUTIANIE 2 UA 'TNFI'JE]QW’N"IB;’IU‘U'El»ﬁiﬂllﬂlﬂﬂ'liﬁﬂﬁutli] ﬂ’]i]'llmﬂﬂ‘ﬂ:ﬁ%’muﬂﬂﬂ“ﬂmﬂulll

= =Y [Y) i~ ¥ a a 1
‘Vli'l’]J“]fuﬂclﬁlﬂH"ﬁuﬂ A t1‘]4‘]/1'13ﬂﬂ‘ljﬂ"lﬁlt’;’]"lf]'E]‘1.Il.*i]ﬂblll‘i'l‘i'l‘l_l"li‘lpéﬂ’ZI']&W’I’.JEIQ‘I’I'I\‘I"U"f}'l“LIT’JfI‘1]81st‘llﬁlﬂ'li

=] ¥ e = o < 1 = 9 a
ﬂﬂﬁucli] ﬂ'ﬁnlluﬂﬂﬂgﬂ’uluﬂﬂﬂﬂmﬂulﬁﬂi_lﬂsﬁuﬂCITTL{Iu‘D'UW B

v
Decision / Decision
Boundary / - Boundary

0 F, | -

(1)

31 2.7 voulwamsdadulalugives Voronoi Diagram



L

WnMeANANAN Wizvomndansel ;

‘°~|
b
1NN 2.7 uaagveuvamsaadulaluglved Voronoi Diagram Taggil (n) ueaas
@ o 9 P= ] @ A
vouanmsaaau lvvesyadeyaiindeu daugil (v) uaasveuvamsandulovesTilsTnInd
@ o o 3 Y =3 P ] . o v Y v A -

HaaNsNanduIudoyad 19t ) Feezmudmveuvanisaaduluasull A
9 ° < i o :: i 3 @ o
gnasalumissuundeznlaouludre duiulumsidenTusTalndidiu TsTaniwadwns

3/ =1 @ oa Y A a v a = £ P T
AlsIzAvdlvelvAmIAadulnaifuenuvevansaaduluanIvuinige udns
=] = A o A o ] v = = = wa
wWisuisuienssndouvouamsaadule Tasasaiuii lden Salinste “guania

¥
ANADAANRDI” YU

2.7 QUENDANINADANGDY (Consistency Property)

auautAnmdeandoegniinaue 13uunawiifi¥ed) “The Condensed Nearest
Neighbor Rule” [10] Lﬂuﬂmﬁuﬁﬁﬁi%’xmumimwaeumamwmsﬁ’ﬂﬁu%maﬂﬂﬂm‘lwﬂ
wadns i ldnnmsdon s TnTnidvenvanisaadulalndifvadunie

Funeumsasaonannsamidie Tagnis 1915 Tn Tnwadwg oyadradaly
HAnaouldgndeannda fazmnsanuiveusanidadulivesTusTalndwadwsiau
Tndifvsivveuamsdadulvvesgatoyalinaou TaszFondt <TlilaIndmadniinam

¥ o v -4
ﬁaﬂﬂQBQﬂuyﬂmagaHﬂﬁﬂu”

Heny ANNERANADY (Consistency Property)
) = @ g 4
“Tus T lnilwadnsarnnisidenlas Ialnilziinnuaeandesiugedeyadnaounsaenie

mssuundoyalagly NN Rule 7l 15 In Indrnadwsiilutoyadiees snsodwundoya

Tuaadoyarinaeuldgndsannda” (10]

S
-

I
LA N,

s
-
3
fmk




UNN 3

o v

av aa
NTHIEYNUNEIVDN

3.1 Minimal Consistent Set Identification (MCS)

=

75 MCS gniinaue 1o Belur V. Dasarathy 14UNAWHT¥031 “Minimal Consistent

. . . . .. . ¢ g
Set (MCS) Identification for Optimal Nearest Neighbor Decision Systems Design” [4] fﬁarﬂums
rden 115 Ta Iniluwuy “Condensing-Selection” Nio1denannis “anuaseungu” Tunisiiam

nanaeumsidonlds Talnil Taserdonrmin ldnnmssannuaseungulumsnses

. Y
S o 9

0 {o o o o o = o
spuRand1geusen s i ldmmigdoyansuiumniu snnaldsTalndwadansnlad
a Y] = Y [ v =5 = 9
SudsziunianudeanasinuyaleyarndeyanAIL
3 o ad a 1 Y o o
FJuauMSRNILYIIT MCS dmisnoduiyladies Ae msliudazoeudainig

A w AP w oA g 4 Yo
aInZUUY (Vote) tNairumidunuvesaa uiaiug Tasaununneseuiaiiawsn iy
Y Y= 0 ¥ )] ¥ ° d o Yy ¥
Yoyad 1983 Junissmundeya Tae1d NN Rule ndramnsoswunseuidaiignunu lagndes

& o ° o A A g Aa
uaziileimsasazuuuATINNeALIRAIEL Neg M TUNaAZ I N 11T DR UIDAT NG
4 ' g VEPN P Y a4 A v =
AZUUUTIEA FananeaNuesudaiuudmmuiamso launuseuidnaus launnga
= A o Jud A o A g Ao =
amsideneeudaiiidullslalnd nazidieiinisidenseudaniinanzunuuinigaiv
d 1 g A Y
Ts Ta Iniludrnmuneanudieusoanesuinaignumuniie 1o
ad o) ~ o J
75 MCS L“Llumﬁﬁ’um;mummw (Local Search) 11914V “Bottom Up” NANADYE
° a Ly o o K& 9 & q 9
wailuseuq TasluseuusnevSudunniesudanamualugadeyarnaeuuldlums
o & - yeiy 9 ° ° A v 1
furuanuaseuagy MminihnnuiilanamsinauuiinsidenTlsTalnd dauly
soufiasanvzihi Ts Talndwadnsii 1aluseuusnun1dlunsdnnannuaseungu uazi
msaen 13 Talniddnd Tnsvz1wiinulisesq aunhaz luawisadenlds Tn'lnidad

¥ i
$rumdesaninan1dsn dwdaumunmauaeumsinuuedds Mcs Tugili 3.1



19

( START )
'

Training
Dataset

Cover Calculation

Object Selection

' Prototype Set

l
(oo )

517 3.1 umunmduAaUMSIIUYBIIE MCS




20
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Abstract - This paper applies the genetic algorithms to
identify the minimal “consistent” prototype subset [1]. This
subset can be used as a prototype which correctly recognizes the
entire original prototype set. This proposed genetic algorithm
tries to find the minimal consistent subset to reduce recognition
time In nearest neighbor [2] classification. The main difference
from other genetic algorithm (GA) approaches is the hybrid of
minimal consistent set identification (MCSI) method [3] and
genetic algorithm. The MCSI method provides the local optimal
number of prototype while the Genetic performs the global
search. The proposed hybrid algorithm has been tested on
several problems and compared with the results of MCSI and
other GA approach [4].

Keywords — prototype selection, minimal consistent subset,
genetic algorithms, consistency property, nearest neighbor rule.

I INTRODUCTION

In this paper, we investigate the problem of minimal
prototype selection from the traimng data set with the
consistency property [1]. The reduction prototype set is
consistence, if the set can be used to correctly classify all the
training data using nearest neighbor rule.

There are many researches on this topic which can be
divided into “editing” and “condensing” depending on the
objective of data removing or “replacement” and “selection”
depending on the existence of prototype in original data set.

In this context, we focus on condensing-selection prototype
selection with consistency property. This problem is a hard
combinatorial problem [6], which is NP problem that can’t be
solving for exact solution in hmited time. Mimmal consistent
set identification (MCSI) by Dasaraty is one of the prototype
selections that tries to obtain minimal consistent set which is
usually trapped in a local optimum one. Genetic algorithms
(GA’s) are also applied for prototype selection. But they are
suitable for very small datasets. In order to obtain the benefit
of both methods, this paper proposed how to combine them to
utilize the global search of GA’s and local search of MCSI.

This paper is organized into 5 sections. The nearest
neighbor classitication 1s reviewed in section 1. Section 11
and IV review minimal consistent set 1dentification and
genetic algorithms for prototype selection, respectively.
Section V, explains the proposed hybnd of MCSI and genetic
algorithm. The experimental results are shown in section VI.
Section VII is the conclusions.

1I. NEAREST NEIGHBOR RULE

A prototype set ((X1.y1) » €1) 5 - » ((XnYa) . Cn) 15 given,
where the (x;,y;) is the attribute value of the data point i™ and
¢; is the category of the data i

The unknown data ((a,b) , z) can be classified as c,,, which
is the category of the prototype that is the nearest neighbor of
(a,b). Il d((x,y) , (a,b)) is the distance function that measure
the difference (xy) and (ab). The nearest neighbor of
unknown data at (a,b) is defined as

(%, ¥ y=min d((x,y;), (@) ;i=1,2,...,n (1)

111, MINIMAL CONSISTENT SET IDENTIFICATION

Minimal consistent set identification (MCSI) is cne of the
condensing-selection prototype selections, which based on the
concept of covering defined by “NUN™, the Nearest Unlike
Neighbor [3]. Any data point A is covered by any data point B
which has the same class as A, as long as B is closer to A than
A’s NUN. Hence, A can be correctly classified, using nearest
neighbor rule, to be the same class as B if B is selected as a
prototype, as B is closer to A than A’s NUN.

Once a distance matrix among all the data in the training set
is sorted and all NUNs of each data point are located, a list of
data points covered by any point B, B cover set, can be
constructed. The cover list of B includes any of the data point
A that has B located closer to A than A’s NUN. The
prototypes can be greedy selected incrementally by choosing a
data point which has the largest cover list. Once that prototype
is selected all the data point in that data cover list is covered
(guarantee to be correctly classified) and that cover list is
subtracted from all the cover lists. Then the data with the
largest cover list is selected again as another prototype. The
selection and subtraction process continues until all the cover
lists are empty, which indicate the occurring of consistence
property, where all the training data can be correctly classified
by the selected prototypes.
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The prototype sclection from the above algorithm is still not
minimal consistency due to two reasons. The first one is the
greedy order of prototype selection which has no guarantee to
minimal number of prototype. The second one is the
inaccuracy of cover list calculation using NUN as boundary.
since 1f the NUN 15 not selected as a prototype the cover lists
can be expand. But before all prototypes are selected, it is safe
to assume cover list boundary at NUN. To alleviate this
problem, the selected prototypes are used again as boundary
(instead of NUN) and the whole process repeated until no
change in prototype set,

The MCSI method proceeds in the following steps as shown
inFig. 1.

1) Creale a sorted distance table (¢) among all data in the
original prototype set (a).

2) Label all the NUN (Nearest Unlike Neighbor) by
assumes that all the NUN are selected prototype (c).

3) Create a cover list for each prototype (d).

4) Select the prototype with maximum cover, and remove
all the data in the covered list from all the cover lists (e).

5) Repeat step 4 until all the cover lists is empty and obtains
all new selected prototypes (f)

6) Stop if the new selected prototypes from step S are the
same as the previous one.

7) Re-Label the sorted distance table (g) with the new
selected prototypes from step 5.

8) Go to step 3.
A1 A2 A3 A4 B1 B2 B3
ey {0} Aljoojiof of2.2§2.24 2 |31
- P A ofoo]2 of3.1fas]z2] 3.0
F.\' Adfroj2ofoof1 a2 of22]3¢
= Adfz 2]z i Joofiafazfse
Bif22f2sf2ofLafoo] 1 |22
] B2 2 |22f2 2f22) 1 Joofiaf
B3[3.1]5 of3 6] 3 s]2.2f 1 +fo.g]

(a) Original protolype sd. (b) Distance table

AHATAJASNB2B1]ASB]
AATANANBA Bl BiA4

Asjaslarfadsifaclmafes
R K% i1 6 X X1 KX BB

BIIB1{B2RAGI A ALIBAAZ
B2|B2|B1|BiJAl  A4] A3 AL
B3|B3|B B IJAZ A Tfa A2
(c) 1* Sorted and labeled distance table.

AAUATIAST  cover Al eover: € Al )
A2 eovgr s 2 Al covar U A2 i
asfaifadfaz]  emers 3 A7 cova: O 43 u
Atfas]adl covers 2 —p AllAd eovar 1=+ aifa

I (T (TH) (5 11 (750 (R (50 e Hl amer N
(25 Y1 7F) (5 N [T (7] 5 = H awer 0
Bifr2[Hs cover 2 L1 IH (% covar 2 B3 cover 1)

(d) Cover table 1% select. (€) Cover table 2™ select. (f) Cover table 3™ select.
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AANAZRAND2BI AJ)B3
AJAZJAJAYBIBLIB3AY
AJAZJAIJAHBIIA | BB
AdjaqBljAs|BI A A]BS
BI|BIBJAY A A B3|AZ
B2|B2|B1IB3 Al A A3JAL
B3IB3IB2BIAAL AHAS

() Re-label sorted distance table.
Fig. 1. lllusration of MCSI method.

The “cover” concept is shown in Fig. 1(c) and 1(d), where
Al cover Al, A2, A3 since Al is closer to Al, A2 and A3
than B2, B2 and B1 (the nearest unlike neighbor of Al,A2
and A3). Hence, if Al is selected as a prototype, Al, A2 and
A3 can be correctly recognized.

From Fig. 1, the first round MCSI obtains Al, A4 and Bl as
prototypes. After the second round MCSI obtains the same
prototype. So MCSI obtains 3 prototypes (Al, A4 and Bl)
from 7 data in original dataset.

If assume that only A2 and B3 are selected prototype and
used as boundary instead of NUNs as shown in Fig. 2(a). In
this case, A2 and B3 are selected as prototypes as shown in
Fig. 2(b) and 2(c). Hence, the optimality depends on how to
nitially label boundary.

alfal]axfazlszlsi asfss3)
araaissnznilni]as
aslazfatjaqd]Bifal]B2B3
adladlBifas|s2fat] AxfB3]
Bi|B1|B2JAd] Azjar]B3]A
Bz{B2BIfR3[AI]A1]A3];
el T ) I ) Y S

(a) Sorted and labeled distance table.

ALPATIA2RA3 A cover: 4 Al cover: 0
A2JAljA2|A3AY cm.'ertm A2 cover: 0O
AdJAT]AZRA3LA cover. 1 Al cover. 0
AdfA T A2RA3 AL cover: 4 —» A4 cover: 0
Bi|BI|B2]B3 cover: 3 BL|B1|B2|B3 cover: J
R2|B1|B2IR3 cover: 3 R2[R1 |B2 B3 cover :

D3|D1|B2 403 cover: 3 D3|D1 B2 B3 cover :

(b) Cover table 1* selection. (c) Cover table 2 selection.
Fig. 2, Tllustration of another NUNS approach.

1V. GENETIC ALGORITHMS IN PROTOTYPE SELECTION

GA’s are evolutionary optimization technique [4]. They are
basically random search with some genetic process to guide
the search. GA usually perform effective search with the right
chromosome representation and proper fitness function

In minimal consistency set (MCS) problem, fitness function
should reward correct recognition accuracy and penalize large
prototype set, as shown below.
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ClassifiedNum(S)— ™ Size(S)
N _OriginalDataset

F(S)= (0

Where ClassifiedNum(S) is classification accuracy of
original dataset when using S as the prototype set, Size(S) is
number of prototype of S and « 1s weight between accuracy
and size. [n this paper we use

a= y - 2)
N OriginalDataset

The solution to MCS problem, prototype set S, needs to be
represented in the form of “chromosome”. In this case, it is
encoded into a binary string. Position and length of
chromosome are corresponding to the original training dataset,
where “17” indicates as selected prototype and “0” as non-
selected.

The GA’s proceed in the following steps.

1) [Initial Process

Population Set Population Set
1101 11] |[o ofofo o1
1 0][1]1 1fo]| [[o 1]o]0 ofo
CEIEE [1fa]-{[1 0]0]2 [o]o]
‘1 :‘1‘0 ‘1Jn| |n n!1\n |n]n]

o (B

Fig, 3. lustration of initial process.

A set of chromosomes 1s randomly generated to be the
initial “population set”. Each bit in the chromosome takes the
value “17 with a prespecified probability Py By this
parameter, we can generate sparse or dense chromosome for
initializing the search.

2) Crossover Process

I Parent Chromosomes |
[o]1]/2fafofolo{1]1]
[2[1]ofof1][1]2]1]0]

Uniform Crossover
(probability to swap bits = 0.5)

Palafof1]o] 4] 1] Tmmy
fol1]1i0l1i0]0]1]0]

I Child Chromosomes l

Fig. 4. Illustration of crossover process.
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Here we adopted uniform crossover, so the parent
chromosomes randomly swap their i" bits with a certain
probability “0.5™.

3) Mutation Process

| Child Chromosome ]
[ofof1]ol1]ofof1]0]
[ |

[atation]
=

ILL.1|1\0|1]0|0|1P0]

I_— | Child Chromosome ]

— (- —

r |
. Mutated Bit |

-

Fig. 5. lllustration of mutation process.

Each bit of each child chromosome changes (mutates)
with a prespecified probability (P,,). Here we adopted inverse-
bit mutation, so the child chromosomes randomly alternate
(“0” will become “1” and “1” will become “07).

4) Selection Process

4

Population Set

u:::s \
chmtrr;n;:mu )|
next generations | | -

)Nl e fe]le]
L}

Fig. 6. lllustration of selection process.

All parent and child chromosomes are pooled and the
best Ny, individuals survive (according to their fitness values).
They will be the new population set for the next generation
(elitist strategy).

Since GA is based on random procedure, it sometime works
on the small-size datasets. In large-size datasets, it tends to
obtain prototype set that never has 100% recognition rate and
usually has a large set size. There is because GA has no
guidance of cover list of each prototype. It is easy to randomly
include two prototypes that cover the same data and end up in
large prototype set. Also, it 1s hard to random prototype that
has 100% recognition rate since they dont know which
prototype cover the uncover data and hardly random the
needed one.
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V. HYBRID GENETIC ALGORITHM

( \ (@)
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Fig. 7. Hlustration of hybrid genetic algorithm.

This paper proposes hybrid genctic algorithm (HGA). This
algorithm lessen MCSI's local optimal problem by using
GA’s to global search. The search performs by random initial
selected prototype to set boundary to identify covers for each
data in MCSI process.

The problem with MCSI is that the algorithm aim to find a
prototype, but from the start, it needs to find cover list which
is not possible until the prototype is known. Hence, it initially
assumes all prototypes are possible by using all NUNs which
cause local optimal. The using of NUNs also causes the MCSI
to obtain the same prototype set every run. By varying the
starting prototype, MCSI generate different prototype sets
each run. The generated prototype set from MCSI usually
improves with better recognition rate and smaller set size.
Hence, MCSI can be used to improve prototype set generale
from GA crossover and mutation process, So, GA can perform
the global search while MCSI does the local search.
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Hybnd genetic algonthm (HGA) is about the same as
normal GA in section I'V except the use of single pass MCSIL.
The MCSI uses prototype set from GA to set boundary 1n step
2 of MCSI in section II. The distance table among all training
data is the same for all population and needs to be calculated
only once. Normal MCSI is performed by the identification of
cover hst for each data and repeatedly greedy selects
prototype and subtracts its cover list from all cover lists. The
difference with normal MCSI is that it only runs for single
pass and always stops at step 6.

The details combination of MCSI and GA is shown in Fig. 7.
The first Process 1s mitial process. After random the
chromosomes that represent selected prototype, each
chromosome 1s apply to MCSI by setting the boundary for
MCSI process as shown 1n Fig. 7(a) and 7(b). The result
prototype sets from MCSI are encoded back to chromosomes
and become the population set for GA as shown in Fig. 7(c).
The crossover. mutation process are the same as shown in
section I'V. The wimning chromosomes of selection process
become the chromosomes for the next generation. These
chromosomes are again applied to MCSI process as shown in
Fig. 7(d).

In addition, there are 3 more techniques that have been
added into HGA to improve its results.

1) MCSI history

Each chromosome also contamns the results after
applied to MCSI. If the result is the same as the initial
chromosome, that chromosome can bypass the MCSI process.
This usually happen when the chromosome goes through
MCSI process for some times and the local optimum for that
chromosome 1s reached. This saves a lot of run time of MCS1
process,

2) Diversity crossover

Many similar chromosomes after pass through MCSI
process tend to converge to the same local optimal. In order to
safe run time and allow GA to perform wider global search,
the “diversity” concept 1s applied to crossover process. Each
parent chromosomes selection by roulette wheel 1s compared
and count number of different bits in their chromosome. They
can perform crossover process if their different is greater than
some threshold. The threshold is caleulated from the average
bit different among all chromosomes.

3) Diversity selection
Beside crossover process, “diversity” is also applied in
selection process. Instead of select the best chromosomes
based on only fitness value, only half of population are
selected based on their fitness value and another half based on
their diversity to the rest of chromosomes.
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VI EXPERIMAENTAL RESULTS

The size of prototype set from the proposed hybrid genetic
algonithm (HGA) is compared to GA [4] and MCSI [3] on
datasets available at UCI site [7]. The test datasets are divided
into small and large size datasets. Small datasets consist of
IRIS, GLASS and ECOLI .Large datasets consist of PIMA
TIC-TAC-TOE and YEAST as shown in Table 1.

TABLEIT
DETAIL OF DATASETS
NUMBER | DIMENSION [ CLASS
OF
DATA
RIS 150 ] 3
GLASS 214 9 7
ECOLIL 336 7 B
PIMA 768 3 2
TIC-TAC-TOE 956 9 2
YEAST 1484 8 10
TABLE 11
PARAMETTRS IN GA ANDHGA
Nyop P Py
[ Ga 40 0.8 0.015
|__HGA 10 08 0.015

Due to random nature of GA, GA and HGA are performed
5 times and use average result. Both algorithms perform on
the same amount of time for 15 minutes with parameters as
shown in Table 1. Where Ny, is number of population, Py 1s
initial probability and P,, is mutation probability,

TABLE I
SMALL DATASET RESULTS OF MCSI, GA AND HGA
IRIS GLASS | ECOLI
(150) (214) (336)
MCSI 15 85 100
GA 11.6 79.8 95.6
HGA 10.0 79.6 89.2

For small dataset, both GA and HGA outperform MCSI
especially in a very small dataset IRTS. In case of IRIS dataset,
the mimimal consistent set was determined with size 10 by
integer nonlinear programming method [8]. Only IIGA get the
optimum number for all 5 runs. As the data size get larger, the
performance different is smaller. In case of ECOLI HGA 15
quite better than both GA and MCSIL

TABLEIV

LARGE DATASET RESULTS OF MCS, GA aND HGA

PIMA TIC-TAC-TOE | YEAST
(768) (956) (1484)

MCSI 325 4 875
GA 3308 94.0 1484.0
HGA 3228 634 871.0
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For larger datasets, GA has the worst performance due to its
randomness. Especially in YEAST dataset, GA can not find
any consistence set except the original dataset. With some
guidance of MCSI, HGA still obtain a little smaller prototype
set than MCSL

VII. CONCLUSIONS

Prototype selection 1s crucial in order to reduce recognition
time in nearest neighbor rule for large-training dataset. MCSI
and GA have been used to obtain reduction in prototype set.
This paper proposes hybrid genetic algorithm (HGA) which
combine MCSI and GA in order to obtam smaller number of
prototypes. The HGA take advantage of local optimum of
MCSI and wider global scarch of GA. The test results show a
lot of improvements in both small datasets over MCSI and
large data sct over GA.
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