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Selecting artificial intelligence algorithms for solving a classification problem are
important factor affecting the accuracy of results. Generally, an algorithm may produce good
results with some problems and yield inferior solution in others. These cause risk of selecting an
appropriate algorithm to a particular problem.

This thesis proposes a method to reduce risk of selecting an algorithm for solving
classification problems by forming an algorithm portfolio to diversify risk, which is analogous to
a portfblio investment in several stocks. The proposed method employs the concept of portfolio to
combine many different algorithms to work together, and allocates existing computational
resources to the constituent algorithms. Each algorithm runs independently according to its own
processes, and encourages interaction among these algorithms consistently so that the algorithms
can help improve performance of each other. There are two algorithm portfolios proposed in this
thesis, namely the algorithm portfolio with fixed computational resource and the algorithm
portfolio with self-adjustment of computational resource allocation.

The experiment results with 5 classification problems from UCI machine leamning
repository have shown that the algorithm portfolio with fixed computational resource outperforms
its constituent algorithms given the same computational resource. Besides, the algorithm portfolio
with self-adjustment of computational resource yields more accuracy than algorithm portfolio

with fixed computational resources in most test problems.
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2.1.6 Tnsaelsgnmitsuvmesummdeonlldians (Multilayer Feedforward Neural
Network)
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5211619 9 3 Yszan Ao

1. ‘ff'u’au“v‘j@] (Input Layer)
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2. YusaAU (Hidden Layer)
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3. ¥U@IMHWA (Output Layer)
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2.1.7 Tnsehelseanniflesmunuunsiouna (Backpropagation Neural Network)
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1. AmuAdasINS5oU3 (Learning Rate Parameter : @)
a o a oo ' ~
2. prﬂ’lu'lﬁﬂﬂuﬂg‘y‘l'li'lulﬂ@ﬁw’i)’llﬂu‘llﬂ\?Tﬂ'ﬁ\?‘lﬂﬂﬂ?gﬂ'lﬂwmu
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a 9
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;) = sigmoid[XL, x,(p) - wy(p)— 6;] 23)

] 3
Tagdt n fod i Tnualududunn uaz sigmoid Ao Hendun1snsedu (Sigmoid
Activation Function)

o § 3 a ' g
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(2.5) - (2.7) MUB1AD

(P} = ¥ (@) - [1 - 3. (D] e (p) (2.5)
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Awy (p) = o~ y;(p)- 6 (p) (2.6)
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v
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wy(p + 1) = wy, (p) + Awy, (p) 2.7
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¥ ¥ 14
- mnuuﬁmﬁﬂiuﬂ;qmﬁmﬁﬂiuwamﬂumuﬁumi 2.8)-(2.9)

5 @) = ¥ [1- y,@)]- i, 6. @Iw ) 2.8)

Aw, (p) = a-x:(p)- 6;(p) 2.9)
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wazlumengeaniminTniludugamunendinnnsdsvlgeaniminegd

A1A9ENIT (2.10)
wi{p + 1) = wi;(p)+ Aw;;(p) (2.10)
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2.2 TUABUITITINUENIIN (Genetic Algorithm: GA)
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1) madhawauuyluuil Binary Encoding) wisiaugiuass Fudazdmmis
vestuluTns TuTsuezumudaoat 1 wie o iy Sefrngraluglit 2.0
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2.2.1.4 MIAVUUNITNIINUENTIN (Genetic Operator)
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- 115 luA)asuA1033 Arithmetic Crossover (loannis G. Tsoulos, 2008)
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2.3 ﬂaemﬁ!“aeﬁmmms (Evolutionary Strategy: ES)

a

' aw ) a ad o
nagniFaITamsgnwa ae 891n (519115 (Ingo Rechenberg) Uag a11d-
4 [l é o Y a @

woaa waoiWa (Hans-Paul Schwefel) Tue29 1970s FIH1HANNITUDINTITITANUINITNIG
55501An 19 nd1afe NszUIUMIAAEoNANEITNYIA LOYNYN1TBYTDAVBIRAMIIZ T
a o 2 1 g ~ v oA A @ o ot ' o -
fige Taolumsiidurazaaziinsaadeoniiodafineuioounendiesn 11 uazfineui
HADNTAIN UM UIZEY (Fitness Value) q’m’hﬂzgﬂﬂﬂﬂﬁuﬂuﬁ'mmu‘luﬂmﬂﬁauuﬂm

' ° ' o ¥ LA " ° {1
Avosmmeua1eqaniios (Mutate) luglluuudu q smmiuiinsaassdmeundainay

o ] 9 [ @ T a aw

muzaufigen lldudunuuluseudaly dualsers  Tunagnfidaiiauniseegnumu
TugluuudiuiueFanlinnue12n9N (Fixed-length Real-valued Vector) uanz@umielu
o v @ T Y ¢ a aw i [
namesrasandosfudnyuzvewnazduls TaolumsldnagnsiFeIfauinmsionia

MINZgA onAIBE1UTY MImnIgegaldaunish 2-13

f* = fGE = max{f(®)|feMcR"| 2.13)

dle  f(%) fio Weduswmnzauiiae
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ﬁ’t’] PIAFDIVDITTIUIUII 7 UA
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¥ fo nawesimld £(F) Tegefiqa
M fo wavesiinouidulyld

¢ a av t 1 a g oy = v A Y ] LY
ﬂaqwﬁm'nssuu1msafmﬂmmmumamsnﬂssmﬂ'a' 162 Nasalszns vy 1 a9
v 3 o ¢ a aw a
Fonn (1+1)-ES Tﬂﬂﬂlumaumsmmuﬂmﬂaqwﬁwmmmmsu‘uu (1+1)-ES Suduannis
t t do a 1 i 1 3 1
qnmnmmasmu'sum‘mazmmmﬁwmummgm (Standard Deviation) W3eu¥IN1IA1
A v Y 9 1 o v o o [
ANUKITANY09sTEInTISUAU udws1elsens Ty 1 mmamsﬂmﬂwuﬂﬂamﬁams
] ' o a 4?’ a . . . St d' L
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dszrinslugudell) sdmflowvos (1+1)-ES uanslugilin 2-16
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Procedure (1+1)-ES
begin
generation =0
Initialize (X,0 )
Evaluate ( X )
while ( termination criterion not fulfilled ) do
(x',0") = mutate (X,0)
Evaluate ( x')
if (X' < X) then
(x,0) = (x",0")
generation = generation + 1
end while
end

4 @ da av .
JUfi 2-16 sWaenvoInNAENHITIITAINITULY (1+1)-ES

= d a aw @ = 9y b4
T19azidAvINAgNEIFITIAINMIAegUY 2-16 UYszneudie msasisllszans

a 9

a ' o ' ' v o &
Fudu Mmstszliumanumuzauvesiimen msadnidsgansulmidrensaaieiug &

~ L=l -4 dy
UgasiogAfdu

2.3.1. MIa19lazmnaSudy

a 9

o d a av a T 1
FUAUATITNINTUYINAENBLFITIAUING %E‘f’ﬁ%"l\ﬁ_l53%1ﬂ515ﬂﬁu1ﬂﬂﬂ15quﬂ’l
o a 1 1 4 o a aa v rot { g
‘ﬂ’]u’)u‘ﬂiﬁ%uu'\ n A (lﬂunﬂlﬂ@s‘\l'l’)Q%'\u']u%SQ n 4$) LLﬁZQNﬂWﬁqulﬁﬂﬁlﬂun‘]ﬂﬁﬂ’]u%un‘]

1 /115U mMstmuassududimsudiuaueie s an uansdeiaedialugli 2-17

1.24 2.18 0.95 1.56 0.73 0.50

H LY 1 o 1 A o @ da av
3171 2-17 AvdmsimuasisududmSunagnBFaIiauIms



26

2.3.2. msilszdinaimney
=Y ) ) @ da av t adg o o
M3lsslduaIfIne UM UNagNTIFITIAUING UANA1991NITUszlufA N UV
3 ad a o d'ala 9 ¥ da av 6’3 1 9 ° 1o
JuaouIBFRUgnssud lesune neudy Taonagnsizadiadiu lideshinsulasai
14
gdveguuuduasuitiFaRugnssy uaainisodinidiuausTansiuarnmnid
kY Y 1 kY 1 s 1 o v oA SI.
anuuizay laslFHanFumiainumuzan 1a1ae 15U §29819013 8 1M UAAITUAY
s % o 1 Y o
Tns TuToudegiil 2-17 SR FumImnumMmIsanio ) = x, + x, + x, + x, + x, {oh
] Y1 v @ A o b1
TasTuTwuuiniaianumuIzay 13 1dA1a 1N UISTUNINY 6.66 BIRTUIN 1AD1N

(1.24+ 2.18 +0.95 + 1.56 + 0.73) (T udu

b4 ' 1Y w
23.3. m‘sa'mﬂ'sz‘nm‘s;u“lﬁumﬂm‘snmﬂwui;
' Ja av ' 4 o @ 1t ~
msﬁ%’wﬂswmﬂﬂmmnaqmm'Jmmmsﬂeué’uwmmsﬂs‘ummumsmmu
1 o o 9 [y
ASFIUNON 1AY (Rechenberg, 1973) "lﬁmu’aﬂgmmmm 1/5 (1/5 Success Rule) #115U

a 1 1 P Y v P
msﬂsummummmummgm"hmfmmsw 2.14

o +0.817 if (p>1/5)
o = <ox0817 if(p<l/5) (2.14)
c if(p=1/5)

e o fe mawdeuuumasgu
= @ T ~ v & 9 o 10 d‘ddg’ o P
p fio  danaufinaeiuguani ligmneunavulumsiauiiniun

@ o

o do a ' ' do a an o 1
mMsnaeiugd Mt usTaazmlunanesUINGTI 7 46 I Taemsgquain
' v 14
vinmsnsziednd ufie Z ~ MO, O) udnhmfiguldnnmsnszaednAfiuandud
) a a LY J - o Y ' 1t a o o 4
Sussudunndalunmees ¥ Midlddsznnsuind wu dssannsiduseglii 2-17 dio

o w Qs o 1 kY [ d‘
msnaeRugaitaenanee ladszanns lnidegali 2-18

X, X, X, X, X,
dszvinsau 124 | 218 | 0.95 1.56 0.73
Z,~ N(0, O) 0.11 | -023 | 007 | -044 | 0.06
dszpinsing 1.35 1.95 1.02 1.12 | 0.79

$ s i a I a av
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2.4 alinless uﬁaa%hg%’u (Differential Evolution: DE)

. 9y o 1 aca a @
Price and Storn (1996) 1At ueruemsmannuzay TaslFisaviesudoad lagsu
é =y o d' Y 3 Qs a W Ao = o
Falnszurumsuuue laaaaniwanndune U @ iugns sy Ianiesudeas 1ag
@ ﬂ da Yy Aoy Y "o ag a o Jo
FutlunszuaumsniInassadandugeudosn NduasuInFavugnssy  wenaInes
Y1 a . . [ T v 1o v @
a1113501461959 (Floating Point Number) Tumsfiuamauninzan'ld Taeluduiludososs
msuassidaualsnsdadule (Decision Variables) IHiilumugiuaes Suflumguaddad
[ v 9 Y ada = a o o 2] = a a
mldnisunilymiaedsardideswdead rgdulinnusiaswazidsedninmwlunism
o 1 ad A = 0 9/ v .
Mnougind1asou  uazsmuizioznldlunsudilgynilseinan Nonlinear  unz
. . . ] N v addy 1 :1' =)
Non-differentiate function #InszuIUMIMIAUMINZAUA103E Tasoutiududunoud
o o 3w dy
drfiny 1Aeail
2.4.1. af19dsernsiSuu (Initial population)
msadelszrnsisuduvesanivesudend Tagiudild Tasmsguidendszanns Al
] ' ] b4 14
aiiy D sy N desmuald v e SruausmeuSudufidiunlyld WaiiTema

> ] o & & = o 3 Qdd = 1 o v
ﬂLLﬂﬂ%ﬂTﬂ@Uﬂ%gﬂLﬁ@ﬂﬂ?J'J'IJJIGﬂ'IfTL‘V]'Iﬂ‘Ll Tﬂaiumumauaﬁm LFUNUATATATIABDUI

-

Yy o

Y
" Decision vector *’tl'lﬂuuﬁﬂﬁ'lu’Jﬂl‘ﬂ'lﬂ'lﬂ']'INLTHJ'I?JfﬁJﬂl’PNlldﬂ%ﬁ'lﬂ@'ﬂﬁllﬂuﬂx‘lﬂ’ﬁ"l’)

[V
2.4.2. MINABNWUE (Mutation)
v dA :1' o o o &
NISPIUMTNAYWUFTUIUAD UM TAUUUNT ﬂ\‘lﬁ
1. YMIANUA Target vector (X, JleeNi=123,. N

2. qmaaﬂnﬂmaimmu 3093 (X, ., X )mﬂﬂswmsmmﬂﬂﬂ

rl,G? 2,G? rJG

VN 3 nﬂmawm"lwmﬂmm hhJ“]i’lﬂ‘Ll Target vector
3. FIMIMUIUNT Mutant vector (v, 4,,) TaeTdaums 2.15

vV, G+1=Xrl,G+F(X

i,

“X56) (2.15)

2,G

1ilo X, ¢ UNU Target vector

I

V; gq VU Mutant vector

i,

FA 9 1
Xt 65X p Xy o UNUNNRMBIN IADINM S N

F UV Weighting factor o AN IMINITINTATEHINN 0 D92
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2.4.3. M3 Inu (Recombination)

[

& o =q 9 a Yo o 3 &
ﬁjuﬁluﬂ’ﬂu‘ﬂi‘b"luﬂ'lil‘WiJﬂ'J'llJﬁﬁ'lﬂﬁﬁ'lEJtlﬂﬂiJﬂ'lﬂﬂiJ‘iJﬂﬂﬂﬂJﬂ'l YHADUUITN

TR Trial vector (u, g,,) Taofuanldainauns 2.16

Uige1 = (M40, 206210 1 Up1,641) (2.16)
Ay
tt _ JPaew1 if (randb(f} < CR) 2.17)
JoG+L Xiic otherwise '
1o Ui Gl UnU Trial vector
Vi 64 UNU Mutant vector
X HNY Target vector
randb()) unumsguanauiiuausshlimsenane o 89 1 Tudwms
d o
njlaenj=1.2,..D
] o Vv d' = o a 1 <
CR unusmash luns lvdulfeudauduswaueesznhe o fa

2.4.4. MIAAADN (Selection)

Y A o oA

[~ 3 ) 9 s o a v 3 A
duduasudiagiedaiontlszmnsdmsunsdutdunisTugudelil (G+1) @9

1
IMUIZANYO Trial vector f1U Target vector LgiazgauAIunng INHUIMIAaEonlay

fl
sAq Vo e ] Yo o A o o A A o = = §
l?ﬂtﬂ@iﬂiﬁﬂ'lﬂ@ﬂ‘ﬂﬂﬂ'ﬂ% ATUNITRALADN IﬂU?‘ﬁﬂTiﬂﬂlﬁ@ﬂﬂ@ﬂ’lﬂ]ﬂﬂiEJTJWIUTJﬂ’]ﬂ'J'IﬂJ

ee

a P @ t:!y 9 . = 1 A4 Vo
#orsden ludell AR NUMINEaUYBT Trial vector AN Target vector Y5z41NTN 1AL
msnadenlillugudelilfie Tral vector uddluiflulilaw@ouludendinlszanslugy

i ﬂ'lﬂﬁ% rflu Target vector

14 14
AszUIUMIVIALIMIvesuasudtanmesursad Tigduszduiumsnindunsy
:s' -~ 1 dy d' ar L] J 9/ : ada =
11222 89224 wuillilSes 9 Taedredensninununz audreduaeuisanlmosudon

8 12gFudmsuilynimsmaAIaIge (Minimization Problem) Haraeadgi 2-19
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1) choose target vector representation of

2) random_choice of two parameter vector
poplylatlon members
4 4 £ Vo Vs 6 v, %/ 8
yd Z 7 7
/ 7 —~ 7 current
- < - ~ opulation
o4 | R3] 2] [5] | W] 2] | 2] | k] P
Fho¥ cost value

3) Bunld weighted
erence vector

+ 4) Add a third randomly chosen
vector

5) Do crossover with target vector
6) Smaller cost value survives to get trial vector

into next generation

2>
W / / population for

Iﬂ J u l__| |_| u U |_| next generation

trial vector

iﬂ'ﬂ 2-19 nszaUMImAnHNIE Ty IaeIsanies udead 1agan (Price and Storn, 1996)

) ] 3’
i]'lﬂiﬂ‘ﬂ 2-19 ’f)'ﬁ‘lJ'lFJVlﬂ’J'l Lll@fﬂ"riuﬂ‘lji ‘IﬂﬂiLiilGl‘uvlﬂLifJ‘lJi?JFJLLﬂ'J“INcluVIu no 8

nﬂmaﬂﬂﬁwmumimu

v
o

H o o a v YA o 2
Fuaoudl 1 Audun1sna1ewuyg Taeeingil Target vector Nigfy ldne NNWBS v, Falu
o ) 1 = o L v 3’ Y
ATLLIUAI AR UT LA BN 1T uNARBT1BN 3 NNABTT 1F1YD Target vector
S - s 1w A ¢
FJunoui 2 Nnnasngu 1dfe nnwes v, v, uaz v,
b v v b v [
duaouil 3 -4 dmnmesnguldludunoud 2 dwiumidseunsi 2.15 1@
Mutant vector
k4 I ] []
Funoui 5 11ms ludulasu TnoResan Target vector (v,) 11 Mutant vector Hifi 114901
3 4 4 Y4
Tanindunoui 4 Taeldaumsa 2.17 1dnaawsiily Trial vector
d’f :; o LY & o s o o ] [ a 1
dunouil 6 Minsaadenszannsdmiududumslujudaldlaoinsanainnu
[ v [
tN1E U (Cost Value) 3¢ 11214 Target vector (v,) IS suifisuny Trial vector 7 MMIINTUADUR
P A T o J [ o w ¥
5 #991n31/7 2-19 UAAZINABITNAT cost value (VAU 94 UAT 44 AINEIAY Haztlod910

Y [ dy T o o :/’ ot o .
deseilidumsudiymimsmsiiigs daiu pnmesAmumMIfa@denfio Trial vector
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=% d' d' Y
2.5 I NINYIVAS
Q Q 3 ad & Qv | g
11359AYANIINITHYDITUABUIT (Portfolio of Algorithm) Ao N1TIANGUUBITUABY
adqa J @ A 3 ad a Y (B} LY ] a ] Yt @ )
I NUANA1AY LaT/HMToTUABUITIREINULAA1 TATIAT19A19NT5 1A BT IH8R U191
-] ] d‘ v Y d'l ] % U dg ad ad
Tagp19azinisszutanaluniaslssuiananiuandaiuioyinisinelidunoudslais
4 da 4 2 aad ° v v o ad v
nilananTuneuITo NN NI IANAaNT laes1uaTy Taousegalonanlunissoy
3 At A 1 @ 4 . d & o a a 3 aad
TuaouIBNUANA1AU lUNesA (Portfolio) Mo 1lTuilglsednTamiassinvesduneuisn
) LY a a P 4 2 dy a ' ° £y A
Wlsgneusiudy Tasdlsz@ninimiinaridedeginisanlumvesmsmusndunun
v o 1 : P aw
A1IANIY 5NN IUEUDIANNLTES 1R85 (Carla P. Gomes and Bart Selman, 1999) 4914338
a a 3 ) [ 3 ad v A Ao 4?’
- ffgaveanumsingavesiuneuds luilegiuSulsmaunniy

E4
Qv aw Y

[N} £ v ]
Ared1nuItefinedestunsSagavosduneuis wu nuitehduneuitnld
nqu18Ills9n5 IUNIAUNIA1ABD (Population-based Algorithm) 1ndamiluganisvitaiuves
}-4 1
YUnoUIT (Algorithm Portfolio) tNouATlynIn1sMIAUMIIE AT 21AY (Fei Peng, Ke Tang,
. . aw y o v Y
Guoliang'Chen and Xin Yao, 2010) Han1snadouves1uIteiinansldisiunmadnss ldan
14 E4 v
nstayavesTuaouitiilszdntnmgeniduseuiiifudiullseneuluidvesnanin
¥94f1A0Y ANUALS Laganuthziluvesmswidmeuiaiige
dyd av dq ¢ s [
wonnnilieuItenldyavesnon TnmuTyares (Component Solvers) u1daiiuga
o 1 LY 4 £ o i v ddaa d
msimauswswdieudtant saT  Fudluilgmlumsdiuiadion Taonadwinanu
3y [ a1 9 A 9o d'dg
ponNYAIARRRINUNUITERRUNIAR IAf e unAY (Xu, L. et al., 2008)
o ' av Y o d 1 o K adda
1dee1e 2 NuiTeludedusedunariuiudumniverdunoudsatizluuy
o o = o o oA Y 1 Y s
msmuludnyuzi@eny duae lenquilszrins uaz ldaoyTwiuuveslwanos
}-4
(Component Solvers)lupisaumidneony  frldasdaygamsitanuvesduneuissudu
] ) 14 v
aszildazain aadediialunsuannldoudeyaieduaiunisiauseniteduneuisn
1 o £ ' ' @ Ha a o’dy Y o A 3
Wudmlsgnenluganisiiau Fezuandradunuiinednusi idiuaue Ao duneu
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a s o

ada LY ] 1 v 3 ] p=}
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E4 E4
v LY

b4
a. 1 LY a. a aw 9 (Y a, a o
UNTIDUN mmzﬂmmm%‘iuﬂqmawuﬂﬂuﬁmqnmu1mi llﬂLLﬂ mumuﬁwawugnssu

da auv

a a A w 4 & ast o ' o ot
nAgNSIF TN uaz Ao uread gy HTuaouIENg 2 ﬂqmﬂumuﬂauﬁm

¥
aszuaumslunsdumsmovuana1snu Taedwds Mlddaslnszuiunslumssivua

[ « I 4 b4 v
slupuimangaylumsiaufiansa Idduaeuitiegesensouanldounugiu 1@
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a yay ¥ 1 Y a a o 3 aat ~
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o aw t-ﬂy o =S o l- & N (Y a aw
YaymnauitoidaulahmsAaruilgmmssuunngudazuandrsiuilyminauise

qanan ldinaue

14 3
av

aungiaudeil Idduer Tasssdssamifeunuuunsdounduuazdunouis u
3 14 ] 1
nauvestureuItif I Tanmanindugevesiunouitwsuiiesnnmsdnunaniton
1 4 } 4 4
' 1 awv o o w ad o ' o [} o e o)
Hiuuwu 1l audteswaunimihiduaeudineaesnguiluiiamsawdu lidegduly
dnvauzyedleusa (Hybrid) Woudilgmauuisediaugu msihinsSouivesinsadie
3/ ]
dsgamiionnauiuns Tuanyug Parallel Hybrid AuduaoultiFanugnssuiowaun
aa @ 4 ) . R o ]
FZUUATIHININNATTUNNY (Takumi Ichimura and Yutaka Kuriyama,1998) 1511 1A59910
= 3 ag a o o a A v o g
UsgamnifionuazTuaouitiFaiugassuuiuiulsvia lueaieadraunusianedns
3 a o [ o
panilAsunIlveuIUADAATANT§/1991IAAUIS (Meriem  DJENNAS,  Mohamed
BENBOUZIANE and Mustapha DJENNAS, 2010)
3
uaNaINMsTIUTINAUYes TassielsyamneuuazdunouIsiFanugnssu
@ lll a y av 1 - Yt o q’/’ Qddy 0 v LY
dnvaizvedlsviaudy euitediunideldlimstueraesiunoudsdminuswduly
: ] ] o z s < LY
ANYULYDY Coperative  A208194U MINITUADUITIFTINUGNITUNIBDNULUUAT HOU
T 4 aa o =] o
Tassiwlszamiounuutionludawdunendlyminsitete Isnuzisudun Tasiiaes
v b4 []
nsden Tesvesdupoudeaiugnssuuinuaugiuieudilymidand1i (Dolores Barrios,
Alberto Carrascal, Daniel Manrique and Juan Rios,2003) Lagn13%11 cooperative evolutionary
system 14%931 CGPNN 11¥imseenuuy Inssvetssamiiioni Tassadisveslasavie
a o [ a v v 9 [ 3 At a o
uazvnlmasaisadfunlasu lindeududlenissuiuvesiunoudBiFaRugnssuuaz
v 3
Tunouifyioynn (particle swarm optimization:PSO) vuRUFUvBIMIdTid Taonadnt
aw [ - P Y o Aa .
YBINUIIOUAALIAIN LI CGPNN  Un21uQnADd1usgALNA (Ben Niu, Yunlong Zhu,
Kunyuan Hu, Sufen Li and Xiaoxian He,2006)
av @ ] A 1 9 9 & Y o 3 ad ¢ ~ a d"
vinnuITedledninaludrduddddiinsduerasstuneuisdosnauideil
@eonlfindadlugamsvausudy yhauiduludosazang lidnududyuzves
a . @ aw 3 o § 3 a
levusa wisludnyazyas Cooperative WavINNIUITBNMUALEAIRIHUIUABUIT N
3 1 o ] Y Yt 1 a I~ o 9 Y v Y
w4 2 nguenmsaiiauswnu 188 sreduaunszuaumstiaulduniu waveeldon

a A

) ad & a o a oo L { 1 awv v & oW o
‘lJufv‘IE]u’J"ﬁﬁlNiJmimtu‘1N1u'VliJﬂiSa"Vl‘ﬁm‘WiﬂﬂEN“llu llﬂqqujﬂﬂlﬁa'luuﬂQLﬂuﬂ'ﬁuu@'l

]
4 <

14 3/
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3.1.4.2 MINARUY (Mutation)

v o 3 a, y o 1 J 3
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3.6
di = xq+ (F X (xp — %)) (3.6)
laghn 4, unu Ins Ty Tsudinoll
X, X, X un Tas TuTow 3 danTdenmsdu

1 {4 a = o ya 1 §
F dumasidFaimeniinutidmuaa 139 0.3
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Y 1 @ :/’ ada s a [ [ =
frog M InaIeRH{vstunsuIsaies Fsad Tagdunaaaagli 3-5

Tnslula X, 0.2 0.3 0.4 0.5 0.6
Taslulaa X, 0.1 03 0.5 0.7 0.9
TasTulas X, 0.2 0.4 0.6 0.8 1.0
Taslulwudmeon | 017 027 037| 047| 057

a LY 1 v o ;’,’ aga a a @
3U% 3-5 AregamanmsRujrasdunouIsanie s Bead 1g i

3.1.4.3 mM553uA 2 M3 (Recombination)
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3.3 manamevilszEnEmmmshinuvesvuneuiswug v

114'chuf:i]zsﬂumsﬁﬁumu??ﬁuym{a 4 q%umu??ﬁ’htﬁyuﬂausummsﬁau
(Training)  11AZTUADUYBINITNATOL (Testing) sﬁauﬁi‘]mmmﬁﬁ’munﬂdm‘igwm 5
faymiduduilywimiasgiuernduledues UCI  Machine Leaming  Repository
(hitp:/archive.ios.uct.cdwiml) (RO AITNATELTHA 4 ifumau?%ﬁfugmﬁmﬁé’muﬂﬂizmw

dmiundazilymuanaaiuedials

3.3.1 gadnyacveillymiilinaney

] ¢ 9

Ygnimsswunlsznndeyatineridwustideonuiinisnaaey 1seneudae

ilayn1 Ecoli, 11y¥1 Haberman’s Survival, ﬂiy“rﬂ Iris, 1194111 Teaching Assistant Evaluation (a2

1lgy11 Tic-Tac-Toe Endgame Tnggmanyazyonaz iy iianinmisen 3-1

a13197 3-1 qudnyazveilgnminldlunisnadeu

L Sotdam tsgtandeyn | dnudeys | Snumenmiihd | smunguieys
Ecoli . Real 336 7 8
Haberman’s Survival Integer 306 3 2
Iris Real 150 4 3
Teaching Assistant Categorical, 151 5 3
Evaluation Integer
Tic-Tac-Toe Endgame | Categorical 958 9 2

vingadnyazvesilym luaised 3-1 usastlymiigudnyazlunmsnfiuandie
Ay luddvuda liegduauesvazidonludmvesimaudeyadodislunsaznquusuaay
i‘]tymiw%a 5 Ygymiidnnnageuiednuriudasilymiidnvasfunvyruga (Balanced
Dataset) 130 liauga (Imbalanced Dataset) uaza1n1eadialuudazuenniddvousas

k4 4
Hamisenarniustrels easBoasianua Sdsi
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- {lyw Ecol

d' (.9 ~ -& “ o Y 1 O’Jl
eyn1 Ecoli ifludeyaioaduTilsiin Fal§moudeyadediananua 336 s18m3
1 €. U J ' A o d‘ A o L dl é 1
wiseanilu 7 ngu udazaguilinnudeyafiunnarsiunaasdeansieh 32 Feilohigadeya

3
ﬁyﬂmmu"hiﬁuaa (Imbalanced Data Set)

13197 3-2 Srandeyaluuaaznquassilym Ecoli

Fongu Sruudoya
cytoplasm (cp) 143
inner membrane without signal sequence (im) 77
perisplasm (pp) 52
inner membrane, uncleavable signal sequence (imU) 35
outer membrane (om) 20
outer membrane lipoprotein (omL) 5
inner membrane lipoprotein (imL) 2
inner membrane, cleavable signal sequence (imS) 2

an § aa o w ~
doyanieadfluunazuennidinvosilynt Ecoli uansaanisied 3-3 Taedoya

MlsingTumss dszneude A1d1ga (Min) A1gega (Max) Aunde (Mean) uazdudiouny

14
~

] aa o
YIATF U (SD) YDA ALUOINNTUIN AN

a Y aa 1 aa o
#1919N 3-3 ﬂl@ﬂqﬂﬂ'lﬁﬁﬂﬁl‘lullﬁlﬁ&’llﬂﬂﬂiﬂ?ﬁlﬂlﬂﬁ‘ﬂﬂgﬁ"l Ecoli

#0 Min Max Mean SD
mcg 0 0.89 0.5 0.195
gvh 0.16 1 0.5 0.148
lip 0.48 1 0.495 0.088
chg 0.5 l 0.501 0.027
aac 0 0.88 0.5 0.122
alml 0.03 1 0.5 0.216
alm?2 0 0.99 0.5 0.209
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- {leyn1 Haberman’s Survival
ayM1 Haberman’s Survival ludoyansdinyufvidunisedsenuesdied
Y [ 3 9 L A, 3 @ ' 3 1 ﬁ |
lasumsridauzi aduy Falis1uiudoyadiodreianua 306 519015 utsesmilv 2 ngu
] 1 Ao FY ~ 1 Y @ =1 4 A 9 dy‘fl 1
uaaznguiliiudeyauandrafundasfenisiei 3-4 Fedongadoyaiuiluuuy luauea

(Imbalanced Data Sét)

M15199 3-4 Sruudoyalundaznguvesilyn Haberman’s Survival

) 1 ° ¥
Yongu S1uutoya
] E4 '
1 = fiheihiidInogsenna 5 Tull 225
2 = Qileidedinnelu 51 81

aa 1 aa o @ 4
foyganeada luuaazienniiidveilemi Haberman’s Survival HarAsAIn15199

a
[]

3-5 Taodoyaiilsinglumse dsgnoudie A1dige (Min) srgege (Max) funfe (Mean)

8
=l

1 { 1 aa o
lLﬁ%ﬂ?ULﬁUQLUHNTﬂijTH (SD) v99LAALHINNTUIN AN

{ aay | aa o
19199 3-5 Foyanadaluurazuenyniiidvesilynt Haberman’s Survival

#E) Min Max Mean SD
pgvasdilelusrnavesnisinm 30 83 52458 | 10.803
Hvosdihelugrensinu G - 1900) 58 69 62.853 | 3.249
91U M positive axillary nodes fingaemy 0 52 4,026 7.19
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- fleyn Iris

F4
o 1 (%

. ¥ = o Yy a0 9/
‘ﬂiy‘ﬂ'l Iris L‘ﬂuﬂlﬂiallﬂ&ﬂﬂﬂﬂﬂﬂﬂﬂvlll FINVTUIUUVDYAAIDYNNINUA 150 318719
oA sy v @ o = £

v
v 1 § 3 1 ¥
umaam'ﬂu 3 NquU HARZAGUNITHIUVDYAVINUUTAIAIATT TN 3-6 "If\‘lﬂ’t']’]'l‘ljﬂ‘llﬂlqllﬂﬁlﬂu

HUUTUAQ (Balanced Data Set)

A15199 3-6 Sudoyalunaagnquuesilgn Iris

Fengu ey
Setosa ' 50
Versicolour 50
Virginica 50

3 aa 1 aa o . as a s/ P
‘U'E]lql,ﬂ‘ﬂ'l\?'dﬂﬂcluLlﬂﬂ$!tﬂﬂﬂiﬂjﬂmﬂ\1ﬂﬁyﬁ1 Iris HFAAIAIATITINN 3-7 IﬂU‘UE]llﬁ‘ﬂ

KT

Usinglumisiealsgneudae didiga (Min) A1gega (Max) Aunde (Mean) tazdnudouyy

LY

1 aa d Y
WIATTIU (SD) VOUARZUONNTLIA Aail

{ aa l. aa o
15199 3-7 Joyan1ann luuaazuennIianveileymni Iris

“l‘i'i 3] Min Max Mean SD
ATUEINEALIRES (cm) 43 7.9 5.84 0.83
AN 3D (cm) 2 4.4 3.05 0.43
AUETINALADA (cm) 1 6.9 3.76 1.76
anunenduaen (cm) 0.1 2.5 1.2 0.76
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- ‘ﬂfg 111 Teaching Assistant Evaluation

4 @ a Yy & A
‘ﬂt‘gﬂ’l Teaching Assistant Evaluation ﬁju%’agatﬁmﬂumsﬂszmuwmaaau YIU

U

9 [
o Q 1 o 4 1 t U [ Yy 1
mmui’fegamamamwm 151 7181117 llﬂﬂﬂﬂﬂlﬂu 20qy Lmﬁ:ﬁﬂquﬁ%'lu'J‘H‘lli’)llﬁﬁllﬂﬂﬂ'l\i

QU

L4 L4 li' é I d’l ]
fudniouuaasiamsied 3-8 Fsdohgadeyaiiluuuyliauga (imbalanced Data Set)

15191 3-8 Sruandeyalundaznguuosilaymi Teaching Assistant Evaluation

Fongu raudeya
Low : 49
Medium 50
High 52

Yoyan1eada luudazuonn3advosilaymi Teaching Assistant Evaluation @A

Aam919ft 3-9 Taedayadilsinglumsie dszneudie Ardiga (Min) Agaga (Max) Aundy
9

i { § aa J
(Mean) tazaDeuUnLIAT 14U (SD) YOIUABZUONNTLIA ATl

A1519% 3-9 doyan1eaddluudaziuennItnuesilam Teaching Assistant Evaluation

‘ldf;?) Min Max Mean SD
Whether of not the TA is a native English speaker 1 2 1.808 0.395
Course instructor 1 25 13.642 6.826 B
Course 1 26 8.106 7.024
Summer or regular semester 1 2 1.848 0.361
Class size 3 66 27.868 | 12.894
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- ﬂi‘g“rﬂ Tic-Tac-Toe Endgame

R [ 3/ = [y g . 4 a0 *
ﬂi‘g“rﬂ Tic-Tac-Toe Endgame Lﬂﬂ“ll’t]lJﬂLﬂEJ’Jﬂ‘ULﬂﬂJﬂ Tic-Tac-Toe FIUTIUIU

b4 [
Yoyadiot1eianua 958 10015 uiseeniiy 2 nqu uAaznquiiswandeyaiuanaiadiuy

L4 4 A 1 y 1
uanIfIn1s199 3-10 Fedohyadeyadiflunuylianga (mbalanced Data Set)

A15799 3-10 $ruaudeaya luunaznguuesilyn Tic-Tac-Toe Endgame

A 1 o ¥

Fongu HIUTYD
Positive 626
Negative 332

Foyameadaluusazuennitidvesilyni Tic-Tac-Toe Endgame LAAIAINTTI

#13-11 Taodoyaisingluniss Uszneudie A1diga (Min) A1gaga (Max) A1RR6 (Mean)

b4
aa oA

uazﬁamﬁmmummgm (SD) YpuaazioNnIIN Al

{ aa ' aa o
A19199 3-11 Foyanada luuaazuenn3ii9voeilym Tic-Tac-Toe Endgame

‘l‘?ﬂ Min Max Mean SD
Aunus Yu-F1eveaa1se {1=x,2=0,3=b} 1 3 1.778 0.776
AWAUI VU-NA19U8IA151 {1=x,2=0,3=b} 1 3 1.866 0.799
AUHUS VU-U1UDIAT5 1 {1=x,2=0,3=b} 1 3 1.778 0.776
AUHUHL NA9-H1809A1519  {1=x,2=0,3=b} 1 3 1.866 0.799
AWHUL NA19-NAVBIAI19{1=x,2=0,3=b} 1 3 1.689 0.741
AUNUL NAT-VNVINST {1=x,2=0,3=b} 1 3 1.866 0.799
Aunue 819-91990991519 {1=x,2~0,3=b} 1 3 1.778 0.776
AUNUI A19-NB19VD9IA15 19 {1=x,2=0,3=b} 1 3 1.866 0.799
AWMLY A19-UNV09A15 N {1=x,2=0,3=b} 1 3 1.778 0.776
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3.3.2 minaaeulszEnEmumarauvestuneuIsWug 1

14 1Y R4
asnadeulszdninwmsiiauvesduneudiiug i lunddmuansweinsms
14 9
fadmiuudazduaeuds iy fie TuseuiBay 1000 vide dmSumsdudumsiy
9 14 14
uanzilgm Tuudagmsnaaousziinmssuiarua 30 A5e udazaTeegiinslszidiy
a a Y a . A o v ¢ A o A
sz Ansnmdlumnaiina 5-fold cross validation TINUUIMTIAUNAGHTNIAAGA NItlRDY
14
way nyfluggavesmssuieazasue1 13
9 14 1Y v 14
a1nugaaesludunsumsaouvesudazdUasuITRUTIUARUTUMSAUNG 5
] 14 [
Yamuaasdsnsned 3-12 uazgamnugndesludunsunsnadenuaaneatsien 3-13 Tao
' y A a dd o 3 4 v o FAS
Anugnasanilsing lumsishsnlesisudannugndounfeninnsiuisnua 30 ase daly
v ¥ T ] ] 14
Aflvzunuielnssivlszamfonnuuunidoundunoiode BPNN unufeduneuiside
I 9 Ay A da av 7 P [} A A =
WUFNIINABT00 GA UnuFonagniIFaIiauininierede ES uazinuseariasuidea
a v g A ' & o g 9 3 a1 Y a
8 19g9uaIe¥e8o DE Fanaansmaudilymalsduasudteng q duaasluniiiedn 3-12 uag
v ' H adq ¥ v & Y P 9 ! LY A N
3-13 WU uAazduaeuds I dHadus Iumsunllgninfoudisuana1eiy (ot inudnag
Yymilgudavazmmniziuanaisiu wiu viesdaymuiuilaymiuun liauga (mbalanced
=t d' o . by dl ' Qs Q U dyﬂl
Dataset) U igmianafouaznisnsznedivesdeyanuandisnunin Jedumditiaiu
' 1 1 3 - kY ] - o o' 3 a 3/ o
dawanef1nINgNABIN 1A 1UN15NAA0Y U Teyn s Tnadws lunisudilavifdeudiei
1 b
Apuded Ao lAnnugndeteylugie 86% - 96% ifesninilymiludazngudoyaisiuiu

L 1

Foyaded iy SduniounzmanszredivewdazienniSasnindiRveiu ualuuis
’1‘]t:yw1°7'iﬁmsﬂ5$ﬂwﬂﬁ"sﬁeu%’wmﬂadwdu QY11 Teaching Assistant Evaluation tag Ugyvn
Haberman’s Survival f1a1ugndeslunisudilamiildezdeudredinindedousuilam
Iris na17910 Tuileyn1 Teaching Assistant Evaluation A1n1ugnaeslumsudilamieglugae
22% — 63% uaguileyn1 Haberman’s Survival isanugndesluda 52% - 80% uaasliifiy

s 14
- Npuanvazveslymiuenasdmwadomanugnass lumsudilavivestuneuis
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A15199 3-12 smnugnaesIudupeunIsasuvewRazduABUIT MY 5 Tl
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e BPNN GA DE ES
a & ' 4 1 a P ' a a Y
Aga | way | wega | Aga | 1naw | LEga | aga | g | wega | Aga | nag | uega
Ecoli 73.60 | 69.18 | 65.93 | 74.47 | 66.95 | 5827 | 81.20 | 76.01 | 68.03 | 85.00 | 79.41 | 72.13
Haberman | 57.20 | 52.95 | 49.47 | 79.90 | 78.67 | 76.70 | 80.77 | 79.46 | 77.87 | 82.03 | 80.83 | 79.80
Iris 97.13 | 96.06 | 95.00 | 97.50 | 86.50 | 68.63 | 98.77 | 92.99 | 81.50 | 99.80 | 95.21 | 83.33
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a15197 4-6 msnlSeuifeudinnugndesvosgamsiinuuuuimuanswens i

asi uaz gamsmeuuuuimslsumsiaassningnsmsdandlgauesdimsuilgu

Ecoli
Fumon3s fAga Ay ueiga
msaou | magey | mMsmeM | MA@ey | msAeu | MATeU
| BPNN+GA 7113 68.50 62.60 60.25 53.53 51.07
*BPNN+GA 72.73 69.57 |63 [T 6is | 470 45.97
BPNN+DE 79.50 76.17 72.26 69.73 64.00 62.80
*BPNN+DE 79.43 7580 | 7292 69.40 63.30 60.70
BPNN+ES 84.30 79.20 78.34 74.21 70.97 64.90
+*BPNN+ES 83.90 79.47 77.84 73.61 68.70 63.07
GA+DE 78.70 75.53 73.18 70.37 67.53 64.27
*GA+DE 79.63 7540 | 7361 70657 | 6597 63.77
GA+ES 84.50 79.57 80.13 76.45 74.27 69.20
*GA+ES 84.87 7893 | 067 7| 7601 72.93 69.63
DE+ES 83.80 80.57 79.85 77.25 75.20 70.60
*DE+ES - 83.73 78.60 79.81 76.23 73.37 69.37
BPNN+GA+DE 76.77 74.77 70.72 68.64 6367 | 6167
*BPNN+GA+DE 77.10 74.27 70.66 68.42 58.27 57.90
BPNN+GA+ES 83.77 79.47 78.95 75.30 72.03 66.77
*BPNN+GA+ES 83.60 78.30 78.82 74.83 70.23 66.67
BPNN-+DE+ES 82.70 78.90 78.24 74.97 72.40 67.63
*BPNN+DE+ES 83.93 78.27 }-..-"._‘-;79._,00-@_:;-' Al 71.97 67.20
GA+DE+ES 83.37 78.47 79.18 75.41 74.07 68.93
*GA+DE+ES 84.17 77.80 J 70.57 68.07
BPNN+GA+DE+ES 82.13 78.30 77.79 75.23 71.90 66.57
*BPNN+GA+DE+ES 82.97 78.50 74.41 68.73 66.13
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A19199 4-7 man1 S oufisuainugadesvesyanisiinuuuudiviuanswensa1g
Mulainsil uag yamshauwuinslfumsiagssniwensmsduaudisauesdmiy

“ﬂﬂlu‘m Haberman’s Survival

Funeris age i ueige

AIAOH NAaOU NIaOH naaay N1ITADU naaoy
BPNN+GA 80.03 75.03 79.07 74.32 76.77 73.63
*BPNN+GA 80.00 75.17 79.02 73.79 74.63 73.20
BPNN+DE 80.33 76.00 79.07 73.86 77.37 72.37
*BPNN+DE 8040 | 7443 | 7907397 7753 71.67
BPNN+ES 81.93 73.60 80.63 74.00 79.60 69.27
*BPNN+ES 81.60 72.30 80.48 73.71 79.50 69.73
GA+DE 80.47 73.63 79.69 74.17 73.87 73.93
*GA+DE 80.70 7537 |-, 79 76.53 74.63
GA+ES _ 81.57 71.77 78.70 70.97
*GA+ES 81.97 71.90 77.00 72.83
DE+ES 81.67 73.23 79.97 67.33
*DE+ES 81.83 72.77 79.83 70.93
BPNN+GA+DE 80.37 75.50 76.97 73.63
*BPNN+GA+DE 80.37 75.57 76.57 73.93
BPNN+GA+ES 81.43 74.90 7733 72.43
*BPNN+GA+ES 81.40 73.87 75.10 73.70
BPNN+DE+ES 81.60 73.23 79.80 70.90
*BPNN+DE-+ES 81.43 73.23 80.46 |- 7491 A 79.63 68.03
GA+DE+ES 81.63 74.73 74.88 77.93 73.00
*GA+DE+ES 81.67 72.57 . 74.63 76.97 73.10
BPNN+GA+DE+ES 81.40 73.60 80.42 74.75 7837 72.63
*BPNN+GA+DE+ES 81.50 74.20 SHTAA8 7663 72.10
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a13137 4-8 wan1slSeuifisuAinnugndesussgansMOULUDIAIMUANTWEINTATS

fulaneil uaz ganstauuuiimsdumssagssnsnensmssiudsauesd msy

eyw Iris
Fumenss fAga ma ueign
N1IaoH naaoy mMIgoy naaou MIaToUH naaoy
BPNN+GA 97.03 91.57 92.96 92.00 83.23 84.70
*BPNN+GA 97.13 93.17 94.28 94.14 85.73 88.97
BPNN+DE 98.07 95.53 94.61 94.17 87.43 89.10
*BPNN+DE 97.67 94.70 9557 94,94 89.37 93.50
BPNN+ES 99.87 95.43 98.43 97.48 95.80 93.53
*BPNN+ES 99.73 95.87 9876 _-‘_‘;'-"'9;7'5;57”_, ] 96.53 95.03
GA+DE 98.53 95.03 91.73 90.30 79.07 78.87
*GA+DE 98.40 95.17 | 01977 |5 9077 75.13 7547
GA+ES 99.87 95.53 98.72 97.85 96.67 92.00
*GA+ES 99.93 95.17 98.47 97.49 93.87 91.60
DE+ES 100.00 93.80 99.01 97.91 98.07 92.83
*DE+ES 99.93 94.57 98.75 97.75 96.70 92.03
BPNN+GA+DE 98.00 94.33 95.33 94.35 90.73 92.27
*BPNN+GA+DE 97.73 9467 |- 95.38 94.86 .| 82.27 84.30
BPNN+GA+ES 99.80 96.00 98.84 97.77 97.77 96.10
*BPNN+GA+ES 99.80 95.60 98.73 97.75 95.03 94.77
BPNN+DE+ES 99.87 95.83 98.49 97.77 96.07 93.57
*BPNN+DE+ES 99.90 95.10 ‘ B 9781 94.93 94.27
GA+DE+ES 99.87 95.13 98.94 98.01 97.87 93.27
*GA+DE+ES 99.97 9543 | '9897-7| iog3 94.43 94.23
BPNN+GA+DE+ES 99.73 95.83 98.41 97.82 95.90 94.40
*BPNN+GA+DE+ES 99.93 94.87 98.7 97.63 93.23 91.53
HUIINE)
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a13137 4-9 wan1silTeudeuainnugndesvesganisinuuuudmuanswensng
furunei uazygamshumuuiinsdsumsiagssniwensmsfutadlenmesdmsy

‘ﬂt’g?ﬂ Teaching Assistant Evaluation

Funenss age indy ()
naou naaey nigou naaeoy NITTOH nagoy
BPNN+GA 61.23 45.87 417 | 4107 4750 B850 |
*BPNN+GA 62.50 4520 |82’ 47.93 4357
BPNN+DE ] 5880 4933 52.41 45.84 4577 4237
*BPNN+DE 62.07 4803 |54 4678 4457 42.23T
BPNN+ES 68.13 48.00 53.70 51.70
*BPNN+ES 70.40 4500 | 6284 | 5037 53.07 49.23
GA+DE 6437. | 5110 50.54 50.63 45.40
*GA+DE | 6523 45.47 49.14 51.23 46.00
GA+ES 69.80 | 49.17 51.81 55.97 5233
*GA+ES 7107 | 3197 51.41 56.23 51.53
DE+ES 70.43 4623 . 54.45 58,00 53.67 1
*DE+ES 70.00 4387 | 63.66 5271 56.50 50.20
BPNN+GA+DE - 63.23 49.80 56.56 49.29 50.10 44.10
| “BPNN+GA+DE 6257 | 4903 | 5633 | 4936 -] 470 | 4650
| BPNN+GA+ES 67.53 45.17 61.54 52.44 55.23 51.60
\ : - | “BPNN+GA+ES - 69.03 4617|6231 | 5223 54.40 51.27
BPNN+DE+ES 69.27 47.07 62.53 52.14 56.33 50.53
*BPNN+DE+ES 69.43 41.50 6251 | 5169 54.30 50.80
GA+DE+ES 69.10 47.00 62.55 53.21 56.20 5547 |
L*GA+DE+ES 69.50 5043 |63.00 53.12 55.70 5033
| BPNN:GA+DE+ES 67.57 45.67 61.22 52.25 55.13 51.30
*BPNN+GA+DE+ES 70.17 41.50 51.81 5410 | 5113
HAHE)
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A15197 4-10 wan1siSeufieua1nUgAABIVEIEAATTHIIHULUAIMUANS HEINTATS
Aranh tazggamstinuuuuiinisdsumsiaassninensmsaiuaudoauesdm iy

‘ﬂf,yﬂ1 Tic-Tac-Toe Endgame

Fuaeras e g ueige

mMsiaoH | Naasy MITOH | NAaou MITADH naaay
BPNN+GA 89.03 59.40 83.77 58.97 74.33 57.70
*BPNN+GA 89.40 6320 | ‘8419 |96 7517 61.27
BPNN+DE 92.93 59.13 88.27 63.23 83.80 63.57
*BPNN+DE 92.87 63.07 | 8881 | 6573 " s4.03 68.63
BPNN+ES 95.80 69.70 92.81 67.77 89.83 59.27
*BPNN-+ES 96.53 7013 | »9345 - |. 6815 90.23 61.23
GA+DE 9257 | 5717 88.35 64.81 79.30 67.20
*GA+DE 92.53 6137 | 8864 | 64.19 80.33 63.87
GA+ES 96.47 72.57 93.07 68.95 86.33 60.70
*GA+ES 96.43 65.97 9328 - |  66.01 85.20 65.63
DE+ES 96.23 76.17 92.87 71.22 89.83 57.00
*DE+ES 96.37 7337 | (9347 69.71 90.20 60.10
BPNN+GA+DE 9127 64.47 87.29 62.81 78.07 64.33
*BPNN+GA+DE 91.53 64.73 §7:58 | 6428 . 7890 62.17
BPNN+GA+ES 94.60 70.00 91.56 64.91 83.80 60.17
*BPNN+GA+ES 95.20 7650 | 9255 | 6796 | 8693 60.87
BPNN+DE+ES 94.53 71.23 91.72 66.19 89.13 59.00
*BPNN+DE+ES 95.97 68.53 92.64 | 6739 -+ | 89.13 62.63
GA+DE+ES 94.93 73.30 92.11 68.02 82.93 61.40
*GA+DE+ES 95.53 7193 | 9237 | 6633 86.23 60.77
BPNN+GA+DE+ES 94.53 7037 91.51 67.02 81.00 64.10
*BPNN+GA+DE+ES 9513 | 6600 |-:9190 | 83.90 57.83
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Mt AL uag Glgﬂﬂﬁﬁwmﬂlmﬂ‘jﬂumau?ﬁuuuﬁﬂmJ%"ums%"ﬂﬁssw%”wmﬂsmiﬁm'Jm
droaueadmiuilagmt Haberman’s Survival Tuas1eit 4-7 uerasIdisfudt ganissharuvas
Gﬁzuﬂau?ﬁuuuﬁmsﬂ%’umﬁ%’ﬂasw%’wmmmiﬁmamﬁ"saﬁmmﬁﬁmmmmﬁaﬂums
uﬁ'ﬂﬂujmﬂﬁﬂﬂ'wmﬁﬂﬁﬂﬁwﬂmﬁﬁwmﬂmwﬂumauﬁﬁuuuﬁmuﬂﬁwmmmsﬁmmmﬁﬁ
Wanua 9 ganTi1au useeniily Anhaluduneuvosmsaeuuazduneumsnaney
Wanua 3 YA 3711911 1AuA YAN15¥11979 BPNN+DE ﬁﬁmmmgﬂﬁaﬂuﬂfumaumsaau
W17 79.07% 181 79.10% waz TuduneumsmareuiuLIn 73.86% (1 73.97%, ¥An1s
11197 GA+DE ﬁﬁﬂ'mamqn@’l’m“luﬂfumumsﬁamﬁuﬁumﬂ 79.69% 1lu 79.81% uazlu
Gﬁzuﬂaumsmﬁauﬁwmmgﬂﬁ'auﬁm‘fumﬂ 74.17% (U 74.35% uay gAnISHIY
BPNN+GA+DE ‘ﬁﬁ?‘hﬂ’J’Iilgﬂﬁﬂﬁﬂluﬂfuﬂﬂumﬁﬁﬂmﬁu‘ﬁ’ui]’lﬂ 79.45% (1 79.55% uaz lu
ﬂfumaumsmﬁauﬁmmmgﬂﬁwﬁ'wﬁumﬂ 74.50% 11U 75.05%
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A Simple Portfolio Algorithm using Collaborative Learning of GA and
ANN for Classification Problem

Supawadee Srikamdee, Sunisa Rimcharoen and Krisana Chinnasarn
Faculty of Informatics, Burapha University, Thailand.
Email: 53910280@]live.buu.ac.th , rsunisa@buu.ac.th and krisana@buu.ac.th

Abstract

Although artificial intelligence techniques have
been proved that they are efficient in solving many
classification problems but selecting any suitable
algorithm for a given problem is hard. We have never
known what algorithm is the best for a given
problem. To reduce risk in selecting algorithm, this
paper proposes the integration of two learning
algorithms namely genetic algorithm (GA) and back
propagation neural network (BPNN) to work
together under the idea of managing algorithm
portfolio. Empirical results with the classification
problems have shown that the collaborative learning
of GA and BPNN outperforms its constituent
algorithms in terms of lower risk and higher solution

quality.

Key Words: genetic algorithm, back-propagation
neuron network, classification problem, algorithm
portfolio, collaborative leaming

1. Introduction

Artificial intelligent techniques are widely used to
solve various problems. However, they require some
background knowledge to choose an appropriate
technique for solving a given problem. In addition,
optimal setting parameters are usually obtained by
the experimental studies. Both steps are time-
consuming for researchers. In other words, once the
problem has been changed, the algorithm may
provide unexpected results, which the performance
may drop or may not be available.

Generally, when such the changed situation
occurs, researchers or practitioners need to study or
try out more in order to find other settings or choose
other techniques to solve the problem. From a wide
range of artificial intelligence techniques such as
rule-based expert system, bayesian reasoning, fuzzy
logic, artificial neural network and evolutionary
computation etc., selecting any one technique to
solve the problem is not trivial. No one knows
exactly how to choose the best algorithm for any
problem. The No Free Lunch theory [1] confirms that

there is no algorithm which performs best for every

problem.
To overcome this issue, many researchers have
developed algorithms by implementing the

techniques described above mixed together, called
hybrid intelligence system (HIS) or using ensemble
method. However, there is still a problem about what
are techniques that should be used together for
solving different problems. One of the answers is
found in economics field. The concept of financial
investment called “portfolio” is borrowed to organize
the portfolio of algorithms.

Portfolio of algorithms is an approach that based
on the investment management to manage the risk
that occurs with limited funds. Based on the
principles of investment in stock market, investors
invest in several stocks to diversify risk because no
one knows exactly what the stock could be valued
higher or lower. In the same way, we use the same
technique to select algorithms for solving various
problems that we have never met. We do not know in
advance which a suitable algorithm for solving the
problem is. Therefore, using one technique only may
not be a good choice to be found the best solution.

Current research works show the implementation
of that idea. All past research works mainly aimed to
study a specific problem or algorithm such as the
population-based algorithm for numerical
optimization [2]. In that paper, they showed that the
concept of algorithm portfolio is useful to help
algorithms found the better solution. This is because
each algorithm has advantages and disadvantages in
difference instances of problems. If we are able to
apply the set of algorithms that performs best for all
problems, it will improve the solution quality.

This paper proposes the techniques of artificial
intelligence to work together in the nature of
portfolio to solve problems that still do not know
which algorithm is more appropriate. By allocated
computation time to the constituent algorithm and
encourage interaction to these algorithms, it can
complement each other over a set of problems. The
algorithms of artificial intelligence that this paper
selected to collaborate include genetic algorithm and
artificial neural network. Due to the nature of genetic
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algorithm which is an algorithm in a class of
evolutionary computation, it plays an important role
in searching in the complex search space. Genetic
algorithm is widely used and works well in several
types of problems such as the problem that has many
variables, the problem that domain is not obvious,
and the problem that cannot be found the complete
answer for a limited time period. Artificial neural
network is the algorithm that simulates the function
of neural networks in the human brain in the form of
mathematical models to make it ability of learning
pattern recognition. In addition, it is suitable for the
system that inductive knowledge is complex.
Therefore, the two algorithms are appropriate to be
assigned to work together for solving classification
problems.

2. Related Work

There are many research works in the literatures
that leading genetic algorithm and neural network
work together. Most of them are the hybrid
algorithms such as the learning of neural network
with the hybrid GA to find an optimal set of weights
in shorter time [3]. As a result, they can reach an
optimal solution using population size of 10. Neural
network and genetic algorithm hybrid models are
usually applied to conduct a comparative evaluation
of nonlinear models on a set of data and variables.
They are also applied to verify the predictive power
of neural models by applied algorithm to the case of
the US Dollar-Kuwaiti Dinar exchange rate [4]. In
[4], it was shown that results are better than its
literature.

In [5], two interconnected genetic algorithms for
designing and training feed-forward artificial neural
networks called GANN was proposed. They used
indirect binary codification of the neural connections
based on an algebraic structure and real number
codification for designing and training step,
respectively. Both algorithms are parallel work.
Experimental result based on the breast cancer
diagnosis proves that the GANN. provides the better
neural network architecture and efficient parameter
for solving the given problem. In [6], proposed
cooperative evolutionary learning algorithms based
on genetic algorithm and particle swarm optimization
called CGPNN. They applied the GA for constructing
network architectures and the PSO for automatic
neural network parameter tuning. Algorithms
proposed in [6] were based on the basis of a direct
encoding scheme. Experimental results show that
they yield good accuracy.

From the literatures which are mentioned above,
it is said that two algorithms, which are GAs and
ANNSs, can work together. In other words, GAs are a
complement of ANNs and vise versa. One algorithm

helps another algorithm to operate in more efficient
way. Notice that researchers bring these two
algorithms work together in order to improve the
learning performance. Because of their properties,
every algorithm has advantage and limitation. GAs
are non-gradient based algorithm. But ANNs are
gradient based algorithm. Hence, the GA advantage
will overcome limitation of the ANN and vise versa.

In this paper, we propose combination learning
methods based on GAs and ANNs which are
different learning strategies from the literatures. We
propose two learning algorithms which completely
independent from each others. In other words, during
the learning process, results from GAs process will
not affect ANNs learning process. When they reach
the given running threshold (epochs), they will
interact and share answers. Then, they are returned to
their learmning process, until they meet learning
conditions. We believe that learning algorithms
proposed in this paper will make the flexible learning
process. In addition, they will provide the better
result in searching the local minimum.

This paper presents the idea of bringing two
different algorithms to work together by arranging
them as set of algorithms. This concept is very
similar to the population-based algorithm (PAP) [2].
The PAP takes multiple algorithms as its constituent
algorithm and encourages interaction among the
constituent algorithm with migration schema. The
results of the PAP were showed that the PAP
outperformed its constituent algorithms in terms of
solution quality, risk, and probability of finding the
global optimum. Generally, all algorithms in the PAP
employ population-based algorithms. And, normally,
their applications are used in the numerical
optimization problem. Contradiction to the PAP, in
this paper proposed algorithms are semi-population-
based algorithms. And they will used in classification
problem.

3. Proposed Method

This section describes operations of the proposed
algorithm which focuses on a set of classification
problem. This section will begin with a detail of
preprocessing of the back propagation neural
network, preparation operation of the genetic
algorithm, and description of bringing of the two
algorithms to work together. All steps are presented
as follows.

3.1 Preparation operation of back-propagation
neuron network

This section presents the preparation operation
necessary for training back propagation neural
network; including the design of neural networks,
training neural networks, and updating weight.
Details are as follows:
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3.1.1 Designing neuron network
Neural network used in this paper is feed forward
network architecture with three layers including
input layer, hidden layer and output layer as shown in
fig. 1. In order to design neural networks that can
support with various problems, nodes of each layer
are declared as variable that can adapt to different
problem. Detail of each layer design is as follows:
3.1.1.1 Input layer consists of n nodes. The
number of nodes equal to the number of attributes of
input data, such as if the input data are 4 attributes, n
will be set to 4.
3.1.1.2 Hidden layer consists of nodes which
is not less than n nodes of input layer. An optimal
value of hidden layer node is usually come from
recommendations of experts and experiments.
3.1.1.3 Output level is layer of answers. Nodes
in this layer is equal to the number of classes, such as
if the problem has 4 classes, the output layer will has
4 nodes.
The learning rate of neural networks in this paper
is set as 0.1 and the stopping criterion is the number
of epoch.

Output layer

Input layer Hidden layer

Fig. 1. Model of neural networks

3.1.2 Training Network
After the neural network design is completed. The
next step is weight initialization and training.

3.1.2.1 Initialization )

Set all the weights and threshold levels of the
network by randomly generated the number from
uniformly distributed.

3.1.2.2 Activation

Activate the BPNN by applying input x;(p),
x2(p),..., x,(p) and desired output y, ;(p), yi2(p),..-,
yd,n(p)-

- Calculate the actual outputs of the neuron
in the hidden layer:

¥:(p) = sigmoid [Zx,—(p).wi_j(p) - 6,-] (1)
=1
‘Where n is the number of inputs of neuron j in
the hidden layer, and sigmoid is the sigmoid
activation function.

- Calculate the actual outputs of the neural
in the output layer:

yx(p) = Singid[Z 2D wi(p) - ak] @)
7=1

‘Where m is number of inputs of neuron % in
the output layer.
3.1.2.3 Weight training
Update weight in BPNN the errors associated
with output neurons.
- Calculate the error gradient in output layer:

8:(0) =) -y (D)) e (p) ®3)

where e (p) =y, 4(P)-yi(p) C)]
Calculate the weight corrections:

Aw e(p) =0 ¥y (p)-55(p) ©)
Update the weight at the output neurons:
wjk(p +D=wy (n)+ A (p) 6)
- Calculate the error gradient for the neurons
in the hidden layer:
1
85(p)=y; ()1 “'~V7f(’ﬁ)]-"_?1'5k-(#?)"’J”F(J’) Q)

Calculate the weight corrections:

My(R)=a-x;(p)-8;(p) )]
Update the weight at the hidden neurons:
wi(p+1) = wy (p) +Awy (p) 9

3.1.2.4 Tteration
Increase iteration p by one, go back to step
3.1.2.2 and repeat the process until it reaches the
specified number of epoch.

3.2 Preparation operation of genetic algorithm

In this step, we will describe the preparation
operation which is necessary for the genetic -
algorithm, namely encoding chromosomes, fitness
evaluation, and genetic operation. The detailed are as
follows:

3.2.1 Chromosome encoding

Encoding of chromosome in this paper uses value
encoding technique that each gene in chromosome is
represented by weight as used in process of back
propagation neural network. The structure of
chromosome is shown in Figure 2.

m m*l /4

r—"’Lr—*—\r—AﬁC"—\
Lwi [ [wil6 Twal..[wal |

Fig. 2. chromosome encoding.

where wy is weight between input hidden and
hidden layer
6; is bias term in hidden layer
wj is the weight between hidden layer and
output layer.
g, is bias term in output layer.
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3.2.2 Fitness Function

To evaluate the suitability of chromosome, we
have to define the objective function. The objective
function used in this paper is the percent accuracy of
classification. This is because the genetic algorithm
will work with back propagation neural networks.
And the goal of solving problem is to determine the
appropriate weights that provide accurate result.
Therefore, the objective function is defined as the
percentage accuracy of solution. That is,
chromosomes which high percentage accuracy is
more appropriate than chromosome which lower
percentage accuracy.

3.2.3 Genetic Operation

3.2.3.1 Selection

In this process, we select parent chromosomes to
create offspring in a next generation. Methods of
selection used in previous/current research are
varieties. This paper uses tournament selection with
elitist.

Starting to use elitist technique by copy two
chromosomes that most appropriate, due to define
size of elitist is 2. Chromosome is copied into elitist
will be selected as offspring.

The remaining chromosomes are selected by
using tournament selection technique, that in each
round of selection will be 2 chromosomes are random
from population, and then compare fitness value of 2
chromosomes. Which chromosome is higher fitness
value than the other will be selected as parent to
crossover in the next step.

3.2.3.2 Crossover

After selecting chromosome, the next step is to
perform crossover to create offspring. This paper will
use real-value crossover[10], by random two parents
such as x = (x5, Xz.... %), ¥ = (V1¥2r.-0yn). The
offsprings x’ and y’ are created using the following
scheme:

X' =ax; +(1-a)yi,
Yy =ay; +(l-a)x;,
where a; are random number in[-1,1]

3.3 Integration of back propagation neuron
network and genetic algorithm

After the design operation of two algorithms is
completed. The next step is to take algorithm to
organize a series of working together. In this section
describes the process of how it works together.

3.3.1 The allocation of computational time to
each algorithm.

Before starting, each algorithm will be allocated
computational time to determine number of
processing cycles. It is analogous to allocation of
assets invested in financial stock. In this paper, there
are 2 algorithms; therefore, we define priority of two

algorithms as equal. So, we will allocate the total
time available to 2 algorithms are equal, such as if
computation time is 1000, each algorithm will be
allocated time 500.

3.3.2 Calculating computation time for each

algorithm.
Because of the two algorithms working together
have different processes. That is, the back

propagation neural network updates weights to
minimum error as possible, while the genetic
algorithm used genetic operation to improve the
answer. So, the computation time of each algorithm
has been allocated to be applied equally, determined
the method of counting the time used by each
algorithm as follows.

Back propagation neural network will increase the
computational time every time of updating weight.
For example, when BPNN update weight, the current
computation time will be added by one and so on.
This imply that process of BPNN will end when
computation time of BPNN added value until equal
to the time allocated in the beginning

Genetic Algorithm will increase the time every
time evaluate fitness value of chromosome. Because
of improvement answer in each generation there are
many population or many answer, and all
chromosome must be evaluated fitness value.
Therefore, when GA calculate fitness value 1 round
will used computation time.equal the size of the
population. The process of GA ends in the same way
BPNN that is stopped at the end of time that has been
allocated.

Assume each algorithm has been allocated time at
500. Back propagation neural network will update
weight 500 times; genetic algorithm will calculate
fitness value equal (500/size of population) times.
That is if set size of population is 25 will calculate
fitness value is 20 generations.

3.3.3 Encourages interaction between two
algorithms, -

The algorithms can help improve performance
and complement work of another algorithm by
encouraging interaction between two algorithms to
exchange knowledge or answer in the process of
finding the answers. Determining when these two
algorithms should share solution together and how
many of answer that appropriate for exchange, it is to
be considered because it affects the effectiveness of
solution.

In this paper, determined the number of answers
will be exchanged is equal to 1 which recommended
in [2] and because the answers of the back
propagation neural network during any given time
there is only one answer. Therefore, number of

answers that should be exchanged is 1.
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For the number of times of exchanging solution,
this paper will be set at 4 different value are 2, 4, 8
and 10 to study the effectiveness of algorithm that
this paper proposed. The results can differ
significantly or not, if the number of exchange
answers is different.

Because the answer in any period time of each
algorithm is not equal, the back propagation neural
network has a single answer but in the genetic
algorithm the number of answers is equal to the size
of population; therefore, round calculation at each
algorithm bring answer to share together will be done
as well as calculation computation time of each
algorithm that described in the previous section.
That is in genetic algorithm must consider the
number of population in each generation.

For example, if the number of exchange equal to
2, back propagation neural networks will share the
answer with genetic algorithm in every epoch at
(500 / number of exchange), that is to exchange
during epoch 250 and 500, respectively. Assume that
the size of population of genetic algorithm is 25. So,
the genetic algorithm will share the answer in every
generation at ((500/size of population) / (size of
population * number of exchange)). That is to be
exchanged in the generation 10 and 20, respectively.

Each algorithm send the another algorithm the
best answer. The back propagation neuron network
will send own current weight to genetic algorithm
and genetic algorithm will send chromosome that
have the most fitness value to back propagation
neural network.

334 Apply knowledge
algorithm.

This section describes the process of apply
answer that has been acquired. The first step is to
determine to receive answer from another algorithm
or not. Simple principle is, if the received answer is
better than the answer themselves, it'is showing that
the answer is good, the answer should be used. That
is, if the answer that each algorithm receive from
another algorithm have the higher percentage
accuracy than the answer themselves then use it in
own algorithm.

For the back propagation neuron network, it has
only one answer that can be the answer that received
compared with own current weight, if received
weights have higher percent accuracy than own
weights, copy weights that received and replace in
the current weights and follow step normally
continue until reach new round of exchange answer
or until the specified amount of allocate time.

Because genetic algorithm produces more than
one answers, there are many percentage accuracy of
answers received with own answers. So, we must
compare the answers and choose the maximum

acquired in own

percent accuracy. If results shown that the received
answer has higher percent accuracy than the own one,
we will copy received answer and replace it in
chromosome which minimum fitness value. Then,
improve answer with their procedure so on, until it
reaches the time that has been allocated.

3.3.5 Summary the working together of two
algorithms.

Collaborative process of the two algorithms in all
above is shown in Figure 3.

4. Experiments and Results

This section presents the simple portfolio
algorithm to solve two examples of classification
problems. We compare the proposed algorithm
(GA+BPNN) with the original GA and BPNN. The
experiments perform with 5 fold-crossvalidation.

Start

Allocate computation time
to constituent algorithm

Process of BPNN

| I

Process of GA

exchange
knowledgs

exchange
knowledge

Send current weight to GA T

l Receive weight from BPNN l

v

L Receive chrome from GA —| | Send the best chrome to BPNN ‘

Answer
receive better
answer exist;

Answer
receive better
answer exist.

No

Copy chrome replace in current |

Full amount
of allocate
time

Full amount
of allocate
time

Yes

Fig.3. collaborative process of the two algorithms.

The experiments are divided into 2 cases. Case 1
shows the comparison between GA+BPNN with the
constituent algorithms. Case 2 shows the results
when varying the number of knowledge sharing
times.

Table I and Table II present the results obtained
by the 3 algorithms in 30 runs on two example
problems in terms of accuracy in train and test data.
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For each algorithm, the best, average, and worst
results are given.

Table IIT and Table IV present the accuracy when
using different number of knowledge exchange. The
results are summarized from in 30 runs of two
problems. The number of exchanges, the best,
average, and worst result are given.

-Case 1: Comparison of percentage accuracy of GA,
BPNN, and GA + BPNN algorithm

Problem 1: Iris Problem from UCI Machine
Learning Repository, Number of Instances is 150,
Number of Attributes is 4, and 3 class.

Table I Percentage accuracy of GA, BPNN, and
GA+BPNN algorithm for problem1.

GA BPNN GA+BPNN

train test train test train test

Min | 64.7 62.83 | 85.4 81.2 92.4 8747

Avg | 82.71 | 80.05 | 94.14 | 93.95 | 95.74 | 94.83

Max | 95.67 ) 96.03 | 97.1 100 97.5 100
Problem 2: Ecoli Problem from UCI Machine

Learning Repository, Number of Instances is 336,
Number of Attributes is 8, and 8 class.

Table II Percentage accuracy of GA, BPNN, and
GA+BPNN algorithm for problem2.

GA BPNN GA+BPNN

train test train test train test
Min | 50.13 | 48.17 | 78.6 | 71.83 | 79.77 | 71.67
Avg | 5998 | 56.96 | 82.67 | 7533 | 83.35 [ 74.79
Max | 70.03 | 66.57 | 86.63 | 78 87.03 | 77.33

-Case 2: Comparison of the percentage accuracy
of the GA + ANN algorithm in the number of
different knowledge sharing.

Problem: 1
Table III Percentage accuracy of GA+BPNN
algorithm in the number of different exchange answer

for problem].
2 time 4 time 8 time 10 time
train | test train | test train | test train | test
Min | 924 | 87.5 | 88.9 | 84.1 | 89.3 | 82.1 | 82.2 | 78.]
Avg [ 957 | 94.8 | 94.8 [ 93.6 | 95.1 | 93 924 | 91.2
max | 97.5 | 100 | 97.7 | 100 | 97.9 | 100 [ 974 [ 100
Problem:2

Table IV Percentage accuracy of GA+BPNN
algorithm in the number of different exchange answer

for problem2.
2 time 4 time 8 time 10 time
train | test | train | test train | test train | test
Min | 79.8 | 71.7 | 78.5 | 69.8 | 77.3 | 71.1 | 76.2 | 699
Avg | 834 | 748 | 829 | 736 | 81.7 | 734 | 81.3 [ 727
max | 87.0 | 773 | 86.8 | 769 | 853 [ 75.8 | 85.3 | 75.2

The experimental results shown in two cases
above, each case is tested in two problems. In the

first case, problem 1 shows that a simple portfolio
algorithm provides higher percentage accuracy than
the constituent algorithms in both the training and
testing process. For problem 2, the results of a simple
portfolio algorithm provides higher percentage
accuracy than the constituent algorithms in the
process of training but in the process of testing the
results was less than BPNN, and still produce better
results than GA in all cases.

In second case, we use a simple portfolio
algorithm for testing two problems with different
times of solution exchange. For problem 2, while the
numbers of exchanges answers increase, percentage
accuracy is reduced. In problem 1 is unable to
determine precisely that the numbers of different
exchanges answer are affecting percent accuracy. In
this case, we need further studies.

5. Conclusions

This paper proposes collaboration of back
propagation neural network and genetic algorithm to
solve the problem of classification based on the
concept of portfolio of algorithm in order to reduce
the risk of selection algorithm for solving problem.
Selecting solutions for given problem do not know in
advance. In other words, we have no idea about the
comparison performance of the GAs and ANNs for
the given problem. To evaluate performance of the
proposed method, two example problems have been
implemented to compare the percentage accuracy of
algorithms that work together and the constituent
algorithms, The testing performance determines with
the number of exchange knowledge in 4 different
values which are 2, 4, 8 and 10. Our experimental
results show that percentage accuracy of GA+BPNN
algorithm outperforms constituent algorithms on the
set of problems.
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