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50304207 : MAJOR : APPLIED STATISTICS
KEY WORDS : SOIL ORGANIC MATTER/PRINCIPAL COMPONENT ANALYSIS/MULTIPLE
LINEAR REGRESSION/FEED-FORWARD ARTIFICIAL NEURAL
NETWORK/GENETIC ALGORITHM
SIRIKANLAYA PRAMUAL : COMPARISONS OF MULTIPLE LINEAR REGRESSION
ARTIFICIAL NEURAL NETWORKS AND GENETIC ALGORITHM BASED ON PRINCIPAL
COMPONENTS FOR PREDICTING SOIL ORGANIC MATTER : A CASE STUDY FROM FRUIT
FARMING AGRICULTURAL LOCATIONS IN WESTERN REGION OF THAILAND. THESIS
ADVISOR : ASST.PROF.KAMOLCHANOK PANISHKAN, Ph.D. 81 pp.

The objective of this research is to study 3 methods; namely multiple linear
regression, feed-forward artificial neural network and genetic algorithm for predicting quantity
of organic matter. Soil samples were selected from fruit farming agricultural area in Nakhon
Pathom, Samut Sakhon and Samut Songkram. Soil samples were measured 17 soil
properties used as independent variables. In order to reduce numbers of independent
variables and eliminate data multicolinearity, Principal Component Analysis were used. The
models with 5 principal components such as PC1, PC2, PC3, PC4 and PC5 accounted for
75.8% of total variance were performed. The evaluations of performance of models were
measured by performance indexes which are Al, RMSE, MBE and MAE.

The performance indexes from multiple linear regression model are 0.97, 0.27, -
0.11 and 0.23, respectively. The performance indexes from feed-forward artificial neural
network model are 0.99, 0.24, -0.17 and 0.22, respectively. The performance indexes from
genetic algorithm model are 0.99, 0.11, -0.03 and 0.09, respectively. The result show that
genetic algorithm model is better than multiple linear regression and feed-forward artificial
neural network model for predicting soil organic matter.
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Tavi Z; Wudawls X; Alsuldeglugiinasgj=1,2,.., p

Y A
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Bartlett’s sphericity Tag Bartlett lawamsnageuiisoni Sphericity test INBATIVTOUIN
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wnIngdulszansanduiusvesduns p a1 amnsoutisdluiladeswrsengundanalsi

1 1 [ A v v do Y A 1 A .. =
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o w 2. R d o (=1 Ja 4 a ¢ o a v o J
lafdaenq (¥ ) BT U N FUVDIAIANDT VU UAVDUUNS NFTNsLaNTaNaunus (R)

uaad 18 luaums (5)
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9 Jd

alenuvesdulsiidaudnlng 1 w3e |R| Tarlnd -1 Falinashld In|R|gngaud ey ee

=

davaldensodfas v, 18 sdude higuaisldmsimagiesddszneusuiudaumls

fINA1?

e

o

1Y 1w a [ @ 2= = [ = [ @ d o
uanmaulseansandunusiaiun vioamdsuanNuauNuUsou i1 In
J % S J £ A (% I~ vy 4 o Y
ﬂ1hl,f]1ﬂu"IJfNiﬂ\Wl’JL!ﬂiilﬂﬁﬂﬂﬂ’Nﬁux‘i mmwm'lamummmmmﬂimﬂﬂag{uﬂ %81/]16114

In|R| Anauann Fafinald y” ge Jadfas H, 1dTeanasldmsiinnegvesddsznonla

M3ANTZHMIeARlTUFUN
mﬁmmzﬁmmmam«?uﬁ’uwn@m (Multiple Regression Analysis) auls
Bz k§1 (X, X,...., X,) idanuduiussududsaw ¥ Tasiinnuduiusedlugiids
idu vz Idaumsanuaanensany Fudasnnuduiufszndn ¥ uag X, X,,..., X, 9

aunsn (7)

Y=IB() +ﬂlX1 +ﬂ2X2 T +18ka+€ (7)

A o

' ] b4
Tagn Y AvA5A1 (Dependent Variable) 1110991nA1009 ¥ ﬂ‘?uagﬁ’ummm X

A o

X foalsoase (Independent Variable)
B, fAediudaunu Y wiemwes Y Wedmuald X =X,=.=X =0

4
BBy B, A0 duilsz@NTANUDAN08ITIEIU (Partial Regression Coefficient)
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Taohi A ilusrfinaasdemsldounlasves ¥ iie X, nlaeu'lal 1 wiae Tasiidauls
oasz X @ouq fansh vinmsdszanmnat S ade b, wazdlszima B, a0 a il

aumsoaneuFanyudsaumsi (8)
Y=a+bX, +bX, +. . +bhX, (®)

H ~ [ 1 4 Y]
Tagh Y ApAlszuna Mo menIaiveadilsues ¥
ol = U d' A U U U a o U 4
e=Y-Y f0A10a10AanUN50ANNUANA 19TEHINAINSINVAINGINT A3
Uszanaa B a1e b; uazilsziaum B, a8 a leIsiaiaodtiesnaa (Least Square
i 0 a q

¢ ' HE
Method) Builunsviien a, by, by,..., b, A 1d

e’ => (¥, -Y) ianlesiiga
i=1

Al M I
'Jﬁiﬂix‘l"lnﬂﬂﬁ%%ﬂ‘m‘ﬂﬂu

o 1 ~ . . [ 4 =} 4
HUUIIaea laseuielszaniewy (Artificial neural network) (FI398 1 uATWaY 2550 :
k4 o (] a Y & Aan o A I~{
13-22) Ysznouade szuumsanuy liitugadu Fadsmsduduszoui vy
wazligduuumsiSouduuninsaiteledszamdanan (Lippmann 1987 : 4-22) Tawilsznou'lll
Yy a A ! 2 o o 2 Y] Yy y
agiiseu (TnuanTeniielszuana) Fasmnuegilugu q Feemnsasudoyad ldwaie
1 o Y v Jd1 A A 13 Y .
A wazdnsaiara Taosz linadnsaufeImsonalsn1n 19 (Klimasauskas 1993 : 47-72)
< o dao 1 1 ) )
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ADUNADS 0819529152 (Flood and Kartam 1994 : 149-162)

a A v =
!!N?ﬂﬂwug114‘"9\‘11?15\15“181]53@'17]!712134
Lippmann (Lippmann 1987) itag Kireetoh (Kireetoh 1995) 1deFunedetinsoun

Y s 9 A ] ' %
ﬂaqﬂﬂﬂﬁxﬂﬂﬂigﬂﬂltﬂmﬂﬂuuyﬂ Iﬂfﬁll ﬂJuﬂJu"Im"UﬂﬂalJaVlﬁ\u"lnll”I uaxﬂxgﬂﬂimu LUAnStyaa

o ~ 1 4 X g
Usznovuale darelumssunszuaszam Gondn aulasn” (Dendrite) Fuiudoyailoudn
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1 1 o { - B
wazdaelumsadanszuailszan S0 "UeAFDU" (Axon) UAAIRININN 1 Fudlumiion

9 A 4 4 1 dyQ Y Aaaa A A A Yy 9 A v
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q

4 Parts of a Typical Nerve Cell

\ Dendrites : Accept inputs

Soma : Process the inputs

Axon : Turn the processed inputs into outputs
/ Synapses : The electrochemical contact between neurons

A 1 Tassadaszuulszamluanes

~ [ Y4 ~ 4 @ o [l a 4 o

MmN asad dwdawey, “mavauuuiiaed lnssneglelseamilszAuguazuuuiines
A A o Y Y A A

ANUDADBIFINY  1WOIIUIBANNIVTUVOI PM10  TUNUNNTUNNUMIUATHAZINALIA

% a

UAITIFaANT OneniawusiSuanuriiuds @135 eI uawnadon TaunaInede

e

umInaema luTaggsung, 2550), 14.

[l I~ a 4 {

TasanolseenmiteniuilyalszAns (Arificial Intelligence) N3 1vBoUILDTZY
L4
ﬂizﬁmmmwyﬂ (Lippmann 1987:4-22, Klimasauskas 1993: 47-72, Medsker et al. 1993: 3-26) o
o 1 ] ~ A v 9 @ d A A
FLUUMINNIUAN 9 vodlaseelseamimeon Tanyazadenuszuulizamyeuyyd Ao U
~ Y Ay Yo Yo Y 9 1y = ¥ a

msizeuianlszaumsain 1850 wazawnso Waweu Iduiuadeyanlowdnzianain

A 1 s an P o ~ YA 1 A o 9
Wiﬂhlllﬁnuﬁm IﬂEJ‘ViTJ‘ﬁﬂTiLLﬂﬂﬂJWTﬁ]Tﬂﬂi%ﬁﬂﬂ1imfﬂiﬁﬁluz‘ﬂN"I‘Llll"l LLa$ﬁ1N15ﬂVIﬂ$W@JUﬂW

TudluTlsunsuiannialdaeuiuuyud e
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Tasenelelszamiion Ao ATITNIMIEOUF AegUUNUTIUANNAANINUMT
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ATZUIUMIIATIZN (Adeli 1992: 1-10) %4 Elazouni et al. (1997) a3 wmnadmlszneuvedlnsavie
a J Qsll A Y o
lodszamilszang Wu 3 9u Ao 1) MIvonuuU 2) MIA3 NUVLTIA0Y Lag 3) MINATOLLAT
v 3 Y 1Y) 1 A a 4 Y
paaws lasdumsosnuuuazdsznon ldeiu 2 dau fie mitnsie Insead wuesilam uay
a ' ] ;/ Y o [ | I 3 A A 9
MRy drudumsas wuuiiaet wxiseseenii 3 Tuseufe 1) Mstdendeya 2)
A 1 ]
maaengluunIngeie 3) MyaeuazMINadol 1T 1e
% Y
Yoyatlouin
] a 4 LY a [
Tnsainelodszamilszang Usznonludredulsdass nie doyatlowduazdy
[ o % o { 1 P
wlseny wSewadws lasnanmsdendiualsnlelulnssienneddesnzil 2 uvu (Smith, 1993)
Ao A5usn Joyaszdesgmulasglliedlugiimunzay uazitnass Aemsidendoya lnels
&L ' L. . a 9 o a A A a
WUFIMTEHIN predictiveness LA covariance Tainduad dnnlsdaszignidensziinnuansa
o o 1 [ @ J v [ o a o
Tumsinerarindulsidentinnuduius nuluneassdudumnduilsdase 2 §9i
v o JdI1 W o Y o = ' .. a A a '
anuduiusaonu sz Inuuusiassdinnueoulng (sensiive)  uazimailyminiGonit over
. .o . . 14 dy A 9 9 A @ a A
fitting 1182 limit generalization A)BIANAL MIAoNTBYAITABUADNIRWIZA M TDATLN

[

o A V¥ S A o o Aa A A o v =
mmmmsammﬂwamaiﬂﬂ WA W‘ﬁ‘l’iiﬂ@nuﬂi@niﬂ Iﬂﬂ@]')tlﬂi@ﬁig‘ﬂLa’ﬂﬂlﬂuu%%@@\ﬂllll

b4

v o Jdo (R IS IR l
ANVUTUNUDTNUY LLG]’E]EJNhliﬂﬂ nYHoYy
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Codaw A4 o 4

ugtinveslassiei lduaziveNazandmaudeden
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o A 9 I~ v Ao 9 o .
msaaentayadluilavendinglumsasianusiasd (Wu and Lim 1993: 61-66)
g )
¥HUBoU (Hidden Layer)
3 ] I oa/' A 1 1 qul 9 9 09/’ v a
van’e)w,ﬂu%uﬂizmawam@gszmwwumayaﬂ@um LLﬁz%ulLﬁﬂﬂNﬁﬁW‘ﬁIﬂﬂﬂﬂﬂ

Y :JI 1 = 1 3 1 Jo A ~
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[

9 v o 1 ! . ) ly v o v o
vdou lavintisurounuinwe (Lippmann 1987: 4-22) Joyai Idansugousy Iailluduals

9
A v [

1A 1 1 o 0911 [ 4 [} [
Tu ﬁ%Qﬂﬁmaiﬁ'ﬂumuuﬁmwaam EREATI I IS FREY ‘Eg]}']Iﬂi\TSIIWEJ!L‘]JULLW§ NaU (Back-

Y 1
] =

. o Y a Y o Y [l [l 1 Y k2
propagation)  UFugouNvennu ldudr9zild Inseite hismnsanazvmandilala

9

1 (] <3 a [ o 1 { Aa ) [l
(Karunasekera, 1992) ts19499814 lsnanuduna Iasauetisusgounuinanu 1 a1 19 Tns el
~ 9 dz 1 ~ < [N Y [l ~ a A 4%/ A A
sroznalumsBsudinu minldusoununnag higeld Tnsaetidse@nsmmwinniu viodn
@ d! d'd 1 :JI d' a o Y [l (] d' Qy 9 d'd
Weonils msndl Tnualuuaagduiinnamnu awi1d nseie luaunsansgnaeduga’la mshd
;/ 1 a o Y a d‘ = 1 ] o 9
Tnua ludugeumnmnuazi lvimailymniFeniiover fitting IagIaT109z31004 1598319
1 Aa I~ a 1 S o { a o
Tnainuaudua3 9910 noise vodoya ununsgmilsndsunmunganlumsimsgniymli
! <
anADINNNA2392T U (Smith, 1993)
Y v Y
aaiu msnwzild Insahenalszaninmgege dossmualid Tnualususou
1 1 1 |
agiﬁ’ﬁ'@mmﬁ%mﬂu"lﬂ"lﬁ’ (Khan, Topping and Bahreininejad 1993: 81-94) Berke ia1¢ Hajela
Jq ¥ <3 ) 09/‘ ] 1 1 1 A
(1991) TaldAnusu Srwavves Tnualudugounisegizninnundsvoinaswved Tnua
oa/’ QSJI v J . < )

Tusudoyatlowdh uazdunaainadns Soemardi (1996) lauaasnuviud $1uauTnualu
09: ] = "o 9 3 9 Y o qu} = Y a <3 Y
Fugoumsrziinwinuosaz7s ves lnualugsudeyailowd aniudagdnndeaamuldn
o :: [} A A [ Y QBJ} 9 9 qaj
S Tnualusugounmniiganisazminurasinves Ivualusudeyatlowd uazyu
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Wl’lﬂﬂﬂ'llﬂa'(’JGU'E'NWaﬁﬁﬂﬂl@ﬁiﬂuﬂiu%uﬂl?Jlluaﬂ@umnlag%ullﬁ@\‘lwaav\lﬁ

meaihminuaz luea (Weights and biases)
' ' g/ o 2 o A = A 1 1
MaimingnunuAed Bt NS luMsIFauaved InuALAaY
' 1 1 Y v
TnuafigniFeuasdaleiy Fanasawvesmarniminidewdies hihlsvdgeamsdszuaana
Y 1 1
Tungiaz Tviua aeduininaemanuussdusing (Juneagiarmans) veamsiaeuaeFIaHa
Y ¥ Y Y
aomydaiudoyanndunilelifaduaeli) (Medsker et al. 1993: 3-26) TagilndAnnaaimin

= 9 = [

v Y 1
wgnimue nazisuilowdng Tnssieluduaoumsisous sedesdindnmslumssimuan

) o

4 { ' -4 1 T
oz i Inssveenunsoud Tandilamt nazaanaimsisous 14 dmsulasaiiela q Ainaa
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Y
S 1

Wiiinazliawinuraguuesd i Tnuavesnn q Makeuae taza1ves luuedaziny

HATINVBIT I THUAYDINN 9 MIFOUAD

o o

WanFumssrmazlanFumsulam (Summation and transfer function)
J v = J v A 1 :' @ A A 1 v
Hangumssiu e Hensumsmwmamasmnlniminueann  Inuainweudony

ad A o 1 Y 9 ' @ 1 31 @ '

Taofidunoude hawesdoyatlowd (npuy  lunaaz Tnuaguiusininiminvewaas
v J @ @ { 1 Y 1
Triuauagzsaumadniveann 9 Tnuadiaeiy uaaaanimi 2 druiladsumsuasaife
v o ' 1Y o o A '

anuduiussznInszaumsnszdumelulvua (V) Aunadnsn 1 Oupun Tasezeglugl

Jou a J 9 U = 1 A 1 Jou a s 9 A dg’
VoININTUT DA f(N) Tagddounn 1) HANUHNDUDN 2) MUOITINTUFNUDIAVZADUNNUY

114 N INUAUY (Smith 1993)

Bias by,
Xl ——

Activation

function
G% : -_) OQutput
Summing
xm _)@—/

function
Input Synaptic
Weights

MMNN 2 NTTVIUNMTINNUUD IATIUelssannewy

11 : Simon Haykin, Neural Networks: A Comprehensive Foundation, 2nd ed. (New York :

Prentice Hall, 1998), 11.

ﬂszmumiaeuﬂ%’amsﬁwi (Training or Learning)
~ Y B ] A A 9 Aa =
ﬂigﬂluﬂ”lil,iEJ‘L!?JLﬂuﬂi%U’JUﬂ1iﬁuﬂiuIﬂiﬂﬂl18‘1/”5EJuginﬂﬂ’J"liJNﬂWﬂ”lﬂjﬂfJiJ
o Y A o o o v 9 A 1 2 Y1
HANNIT 3UD A 1) ATUIUYIANDU 2) @iﬂﬂﬁﬂﬂﬂ?@lﬂﬂ?'@ﬂﬂﬂ\iﬁﬁﬂqu 3) Usuunanig
9

Y
hminudadalnidnase (Medsker et al 1993: 3-26) NIZUIUMIFOU ADMTITBAANAIA

° S o Y1 J v q Yo 1 0o qQ Yo Ay Y
Fl]’]ﬂﬂ’liﬂ']ujmﬂiQﬂ’ﬂun’]ﬂiU!lﬂﬂ']flQquqﬂuﬂiﬂﬂUﬂqﬁﬁ@uiui@Uﬁf]lth “Wﬂ“ﬁﬂWl’ﬂ“U‘VlhlmJ
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p, £ . 3 Ay A4 9
AMUYNABIFITU (Klimasauskas 1993: 47-72) Tudunoumaizousazilunszuumsinedos
[ [ 1 3’ o 1 [ 4 ~ 9 1 ~ 9
nu msdsuanihminuewaaz Tnua TasordonnilszaumsaimsGouivodInsaine msiFous

1 [ o v A 9 = ~ ] 1 A Ayy
voalasaieluunazsevaziiwasninilszuiald vnlSeumeuiuaiasan ldanmineass
d! = d' [ 09/’ 1 9 [} ~ 9 1 9 Y]
Feonvziinnuamanaou nasnntiulasaieizdounauluisous lusevae lundoudums

Y ) F
USuudaeraimiindie dnsiszuanasevas lianuuiudunniu Bhokha (1998) 14
1 1 @ I~ o 4 o < . 1 1 @ 1
na1MIvsuudemaztumslsurunsellsuasn 1d Klimasauskas (1993) na1131 msdanaii
[} = Y Y A [ dyw 1 ] 1 d' o w d'
Tasagenunsnisous laamiodlaazganda¥inaie 9 wu Manuaaandoutaidounie
Qa: Y] 4 9y 1 Y
(Mean square error) MFULAAINAANT Lippmann (1987) uag Smith (1993) ldnai 1A
~ U 1 I [ A
nIzUIUMIEouansoulseemilu 2 dnvag Ao
msiseudnuulifingaou (unsupervised training) 1annA1 1ag Kohonen (1984) &4
[ o A A o 19 9 @ J A o
HANA1NINUDUS a0 MAounDUsTDUaUIUDINYBd Taelidosldnaaniosauiins
I~ =} 1 9 A an 9 [ 1 I [ [ A
nSeuiion uaez Idnaauianeadavestoyaganadeuinianguilunuianyrasnnitlou

Foyan ludr nusraeszsmstsznanadnsidull 1desnuniiuge o

Training 2 i

Parameter -_— { Adjust Weight )
Input * - Neural ™ Network
Data r Network r Output

A = Y = ~ . .
NN 3 ﬂﬁl‘iﬁlu:.ijl,l,ﬂﬂulhhﬂﬁliEluﬂﬁ’ﬁ@u (UnsuperVISed Learnlng)

111 : Artificial Neural Network [Online], accessed 20 November 2009. Available from

http://202.28.94.55/web/320417/2548/work1/g26/Files/Report Neural%20Network.doc
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=) Y =S . .« . = 9 "o o 9
M33au3uUDINgaeY (supervised training) F99z1l5znoulia1e gouavvedoya
9 v I a £ A A ~ ¥ 9 ) ° v Y
Howdn nazwadansvse suile Inssiesumsizouinndoyailowd uazdumwadng 1

9y =K o = =1 [ [ Jd A A A £ A Y] 1
1d1 3992117 IulS s euA UHAANF 23 9 INDHIANIUAIIANADUTFIANUAIIANADUAINAIDL
1 [} 9 [} 1 9 [} [ Y 1 091 [} di Y 1 o [} L ]
anaenadudn e Iassnendeudumsdsundainrnimiinme 19 Inseinsfuiaunadws v

U

Iflianuamamdouioenga

Tral .
h”::: . { Adfust Weight )
'
Input > Neural . Training
Data 4 Nerwork g Outpus
Target
Ourpar

AR 4 M3EeuuUULMIEeuNsadou (Supervised Learning)

111 : Artificial Neural Network [Online], accessed 20 November 2009. Available from

http://202.28.94.55/web/320417/2548/work1/g26/Files/Report Neural%20Network.doc

[ 1 = = Y [ X dy Y o
aunuTaseielszenmioniivainnategduundienu luauddeiioz 1ddumu
. P ~ 9 =1 = 2,’
feed forward back propagation neural network G]NLTJuﬂ”IiLiElugu‘Ll'lJil Mm3iseumsdon Tnualusu
1 v F4 F4
Foyadmn Inuaszgmiyeuas ludranihnunn Tnuaiieglududaly uaz Tnualusudallee
A [ ogj [ = o w o =X qul Y4 ~ 9 [ dy I ~ [
gniFeunududa lUnaud1ay sunsensdeduradns msiSounuuuwsnduil iufeensy
@ 1 ] <3| = Y = = A A
Auedlaunsvate laodumsSouiuvuiingaou  wazliszvumsiyonlosununaouly

4 v
9%t MateFu (multilayer feed forward) (Bhokha 1998) #9n1nil 5 dmSuAsmsisousuuy

(] [ =1 Y] 1 1 oy o ~ 9 d' Y a 1 a d’
UWINAY ﬂ$hﬂ1iﬂiﬂﬂ1ﬂ’)\1u1ﬂuﬂ (w) °1,u1qﬂ 9 ‘i’EJ‘UﬂﬁL‘iﬂungﬁ]iﬁlﬂﬂﬂ1ﬂ’NMNﬂWﬁWﬂﬂ
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9 9
@ o 9

9 9 v 9 9 v
FUFOUFUFANIY LAZFUTDUTUAD 9] 11 IUNTENIDIFUFOUFULTN AIAUNITN 9 — 13

=D.

Wi = Wigy T AW 9)

1 Y v Y
Taon M3UsumMa1thmiinAdu Output layer UAWNINY

Aw =y (t, =z )f'(net,), (10)
fvuald O, =, —z)f'(net, ), Soiu
sznékyi (1)

v Y v Y
Tasn M3UsumMathminidu Hidden layer UAUNIAL
Aw="x f'(net,) X O w, (12)
[ Y [ Qall
Mviua 8j =f'(net,), ZkSkwjk AT

Aw=m0 x, (13)

Y
h = FURDU

=).
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v J 09/} 1
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9
v A

a . < o a
Tasluauiseiiaenly Levenberg —Maquardt back propagation Husanesnulu

Y
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=~ 9}4' @ <3 a 9 o ] AAo 1
mmﬂugmmmmuﬂuﬂtymmmmaﬂ mﬂuﬂui%ﬂﬂﬁﬂ"l’ﬂG]EJﬂiiiJﬂJﬂQIﬂN"U”IEWIjJiHHTJuﬂ"I
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v Y

Y )
Wmintlesndt 100 Taedane3Nuti 1% Hessian matrix $10a811mm M tieileadums
. ] 3 = d' .. . as =
overfitting Y04 1AIV185IUNIHANAYY bad local minima (Matignon , 2007) 1ag35MIWN
] I a
130V BUUD Levenberg-Maquardt (Adineh uHazame 2008 : 1000-1007) wuIsTmsvos
£ ya ad Aa o . o Y A g [ 1 ~ Y U
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a 1A =2 s & . . [ v A a
NANNNTAAAIVDIAHANAIAUVUNT UASUT F9 Hessian matrix 32T UASHAIANUAANA A
. ) [ v dJou o { 1 oy o Y a .
(error index) @MIVOYNUTOUAUNADIVRIA NI NLATINFUAIDATIAN (quardratic
. A v Y1 o o Y [ ogj @ 'Y 9 aq
function) 1V 11 laAgana lUdriganiudesnis daiusnsmsgdid1e35msnuy Newton 92
< 1 o 1 g' @ a
139021V back  propagation  TITUA aumsmsdsuaninmindleIsves Levenberg-

Magquardt LEAIAIANNTN 14
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k+

= T g e (14)

JJ Ao Hessian Matrix
A a 4 [ 4 . .
I A9 TN NANYM (Identity Matrix)

{ 4 4 1
J'e o gradient Iagf e AonAWDIANUAMIAMADUUDIIATINY

NTHYANITADY (Stop training)
ﬂ”liﬁfmﬂ”lﬁch@‘LlIﬂNﬂthﬁﬂﬂiﬂﬂi:ﬁ1]151} 235 A0 1)  MINMUATOUMIEDY
(Epochs) 2) MIMHUAAIANIUARIARADY (error) neousuld (Bhokha, 1998) Carpenter (1993) &

uuzain s MuasIIuseUMIEaUBEN 20,000 A4 100,000 50U HALDNIT AD MIIAIUUAAT

Ll

4 1 a o A v [
mwmmmﬂﬁamw’J”N%}au“aim uamaammmwwmmmﬂmam"ls?f (Khan et al. 1993 : 81-

1 v < [l { a o a o { 1 .
94) uatendsszianne myaeu lassefuunu ez liinailymniEonit Over fitting 18

&£ A ' A

o A A ' A ~ Y} Y} o daa A Y
ANINN 6 %Qﬂ@ﬂﬂlﬁ”miﬂiﬂﬂnﬂﬁuﬂiﬂ‘ﬂﬁ]glﬁﬂuﬁﬁ]u]lﬂNﬂﬂW‘ﬁV]@Jﬂ1ﬂ’J”l?Jﬂﬁ”lﬂmﬂﬂu NULY
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#9349 (Bhokha,1998)
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NN 6 NTWY over fitting
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Q
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UATT VAN ('JT]EJWHWUﬁﬂiiUUﬂJUﬁJVHUﬂ!CWGI a1V ’Jﬁ?ﬂﬁﬁﬂﬁ\uwﬂgm\l VUNAINYIDY

umIneaema lulaggsus, 2550, 21.
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MInaaavlnsavie (Testing)
v v ] 3 1 ] 1
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~ ' Py VoA M o A 1 o nY A v
NAdOY 138071 YANAAOY (Test set) BIIasevtenawTnliwadnsnuiud laiieldya
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1 1 1 a 1 { o I~/ T A
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uaz lasumsdalinduisuialunguueansdransadiannms Feilagiiuiunvensulu
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A Y A Aawv 1 o dldd? 9 1 v A v d .
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a 4 Ly v I 1 o ]
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M313tialnsIulasu (Chromosome Encoding)

[

9 Y] I ng 3 09/} A o I Fl
mynsHalsznnstuvunouusnazdutunound, ﬂJlWﬁ']g!‘lIUﬂﬁlﬁaaﬂ!lUUGlﬁ
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Y o o v ¢ o g {
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. dy Y Yy ) o o ) @
Tree Encoding 31uuui1lgunilymdmsumsiannlysunsudmsn GA 9n

I 1T ) o o % [ [ 1
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Principal Component Analysis

L J
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1. Index of Agreement : 1A
2. Kool Mean Squsre Error : RMSE
3. Mean Bias Error : MBE
4, Mean Absolute Error : MAE
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2. @iy AnSinadun3 §3ag (Organic Matter) WudunlsiFanlFna

3. ailsdase Aequantamaniivesau Idwau 17 a1 1dun  egiiiin
(Aluminium: Al), uami e (Manganese: Mn), AN (Iron: Fe), TagiHew (Chromium: Cr),
HUNTIT Y (Magnesium: Mg), danzd (Zinc: Zn), NOWAY (Cupper: Cu), Glzﬁ'ﬁ (Lead: Pb),
TWunensoy (Potassium: K), 141@8 (Sodium: Na), AatFe (Calcium: Ca), nsailain (Fulvic
Acid: FA), Nn3A874n (Humic Acid : HA), ﬂlmﬁlmﬂlﬂéﬂuﬂizﬂwsﬂ (Cation exchange capacity:
CEC), osifuaauimiled (Percent clay: %clay), 111a510u59% (TN) tag 8un3dmsueu (OC)
TvazBaveaiiavosazd s Tigad

3.1 @gﬁﬁu (mg/g soil)

3.2 umila (mg/g soil)

3.3 1Man (mg/g soil)

3.4 Tasiiloy (mg/g soil)

3.5 uuNHFeN (mg/g soil)

3.6 daned (mg/g soil)

3.7 NoWAN (mg/g soil)

3.8 G]Sf%’! (mg/g soil)

3.9 Tnunendeon (mg/g soil)

3.10 Tasew (mg/g soil)

3.11 upa¥en (mg/g soil)

3.12 nsafladn (mg/g soil)

3.13 N3A8NN (mg/g soil)

3.14 msuanu@oudszauan (cmolKe)

3.15 oS iFudaumilen (%)

3.16 TuTasousi (%)

a A J J
3.17 DUNTIMMITUDU (%)
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Input : k principal components

Output : organic maner

Size : 5% samples

Training Set (90%) Test Set (10%)
Size : 52 samples Size : 6 samples
Training Set (80%) Validation Set (10%)
Size : 46 samples Size : 6 samples
MLR maodel
Stepwise Mulitple Regression

Fined Model <

Y

Performance Index
1. Index of Agreement : LA
. Root Mean Square Error : RMSE

(5]

. Mean Bias Error : MBE
. Mean Absolute Error ; MAE
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{ ) [ { ] { I
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Pranih (feed-forward artificial neural network)
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1 1 o v . . . . [ {
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Data

Input : 17 Variable

,

Principal Component Analysis

'

Input : k principal components

Output : organic matter

Size : 58 samples

' '

Training Set Test Set
Size : 52 samples Size : 6 samples
v v v
MLR FANN GA
hJ

Fitted Model -

'

Performance Index

1. Index of Agreement : LA

2. Root Mean Square Error : RMSE
3. Mean Bias Error : MBE

4, Mean Absolute Error : MAE

[ 4
AR 13 Tuaeumsadaluna FANN
fn: ‘ﬂ%/‘i_l‘]Jtiinﬂ Jiang Dahe et al., "Progress in developing an ANN model for air pollution

index forecast," Atmospheric Environment 38, 40 (December 2004) : 7055-7064.
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... . Yo o J . . A 1 A 1
(Minimization) TaglgHlansurinanumungay (Fitness Function) A9A131INNADIVDIAIANINY
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w19 13’319’19‘3’ (Parameters)
ganeinu Iaoagilie
Population size
Probability of Crossover
Probability of Mutation
Replacement
Selection

Maximum Generation
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9
ms&fﬂﬂWm1ﬁma§ﬁm§"umiﬁ”mmmwaﬁLuﬁﬂ

52

0.85

0.00

steady state

tournament (size = 10)

100

¢ P '
VOLIUAYDIMITHANY32FNT (Bounds) sldveumavesduilszanimsonaseh

Y 9 =) Y Y v v W 9 @
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Initial population

Horalion_cound

== All_iterations 7 Optimal Solution

no

Salection

Crossover

Mutation

Replacement

mating_cowni
> pOpsare 7

H Y
MNAN 16 Gﬁu@]'ﬁ)uﬂWiﬁ'Iﬂuﬂlﬂﬂ%m@]ﬂﬁlaﬂﬂiﬁll
nn s “U“]J’u: 4910 Kucuk Ilker and Naim Derebasi, "Prediction of power losses in transformer

cores using feed forward neural network and genetic algorithm," Measurement 39, 7 (August

2006) : 607.
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/*
* To change this template, choose Tools | Templates
* and open the template in the editor.
*/

package gamlr;
import java.lo.IOException;

e
*
* @author numvarn
x/

public class OM {

static int CHROMOSOME LENGHT;

final static int POP_SIZE = 52;

final static int TOURNAMENT SIEZE = 10;

final static double CROSSOVER_PROB = 0.85;

final static int MAX GENERATION = 100;

final static double minBO 2.376, maxB0 2.496;
final static double minB1l 0.104, maxBl 0.159;
final static double minB2Z 0.319, maxB2 = 0.391;

final static double minB3 -0.091, maxB3 = -0.008;
final static double minB4 = -0.037, maxB4 = 0.049;
final static double minB5 = -0.238, maxB5 = -0.123;
/* Real PC Data */
static double[][] realPC;
/* Real OM Data */
static double[] realoM;
1L
* @param args[0] is Data file
*/
public static void main(String[] args) throws IOException {
if (args.length == 1) {
/*Read Data from CSV File*/
readCsV csvReader = new readCsv();
csvReader.read(args[0]);
/*Gent Chromosome lenght*/
CHROMOSCME_LENGHT = csvReader.getPCFieldNumber();
realPC = csvReader.getPCData();
realOM = csvReader.getOMData();
/*Run Genetic Algrithm=/
GA ga = new GA();
ga.evole():
1} else {
System.out.println("Please, enter your guery file.");
System.exit(0);
}
¥
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[*
* To change this template, choose Tools | Templates
* and open the template in the editor.
*/

package gamlr;

/%

*
* @author numvarn
*/
public class fitnessFunction {

frk
* @param Individual
* ind[0] is Beta-0
* ind[1] is Beta-1
* ind[2] is Beta-2
* ind[3] is Beta-3
* ind[4] is Beta-4
* ind[5] is Beta-5
* Om-Predict = Beta-0
* + (Beta-1 * PC1)
* + (Beta-2 * PC2)
* + (Beta-3 * PC3)
* + (Beta-4 * PC4)
* + (Beta-5 * PC5)
*/
public double calculate(double[] ind) {
double rmse = 0.0;
double[] omPredict = new double[OM.realPC.length];
for (int i = 0; i < OM.realPC.length; i++) {
omPredict[i] = ind[0] //
+ (ind[1] * OM.realPC[i][0]) //
+ (ind[2] * OM.realPC[i][11) //
+ (ind[3] * OM.realPC[i][2]) //
+ (ind[4] * OM.realPC[i][3]) //
+ (ind[5] * OM.realPC[i][4]);
}
rmse = calculateMSE (omPredict);
return rmse;
}
fx*x
* Get RMSE
*f

private double calculateMSE(double[] omPredict) ({
double rmse = 0.0
double sum = 0.0;

for(int i = 0; i < omPredict.length; i++) {
sum = sum + Math.pow(OM.realOM[i] - omPredict[i], 2):

}

rmse = Math.sqgrt(sum / omPredict.length);
//mse = sum / omPredict.length;

return rmse;
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I/

* To change this template, choose Tools | Templates

* and open
*/

the template in the editor.

package gamlr;

import java.
import java.
import java.
import java.

[E*
*

io.I0Exception;

util .Random;
util.logging.Level;
util.logging.Logger;

* @author numvarn

*/

public class GA {

private
private
private
private
private
private
private
private
private
private

/**
* Main
*/

Random generator = new Random();

fitnessFunction fitnessFunc = new fitnessFunction();
writeFile writer = new writeFile();

double[ ][] population = new double[OM.POP_SIZE][]:

deouble[] fitness = new double[OM.POP_SIZE];

double[] tmp offspringl = new double[OM.CHROMOSOME LENGHT];
double[] tmp offspring2 = new double[OM.CHROMOSOME LENGHT];
double bestFitness = leéd;

int bestIndex = 0;

String resultText;

method for GA

public void evole() {

int
int

generation = 1;
parent_indexl, parent index2;

inititalPopulation();

while (generation < OM.MAX GENERATION) {

}

VEE]

/*Select two parent*/

parent_indexl = tournamentSelection();

parent_index2 = tournamentSelection();

if (generator.nextDouble() <= OM.CROSSOVER_PROB) {
crossover (parent_indexl, parent_ index2);
replacement();

} else {
tmp_offspringl population[parent_indexl];
tmp_offspring2 = population[parent_index2];
replacement();

}

/*Record statistic before go to next generation#*/
recordStatistic (generation);

generation++;

* Record all result to text file

*f
try

{

writer.write(resultText);

} catch (ICException ex) {

}
}

e

Logger ..getlLogger (GA.class.getName()).log(Level .SEVERE, null,

* Initialize population

*/

ex)

74



private void inititalPopulation() {
for (int 1 = 0; 1 < OM.POP_SIZE; i++) {
/*Generate individual*/
population[i] = generateIndividual();
fitness([i] = fitnessFunc.calculate(population[i]);
getBestIndividual(fitness[i], 1);

}
f**

* Generte Individual
*/
private double[] generateIndividual()
double[] individual = new double[OM.CHRCMOSOME LENGHT ];

individual[0] = genBeta(OM.minB0, OM.maxB0);
individual[1l] = genBeta(OM.minBl, OM.maxBl);
individual[2] = genBeta(OM.minB2, OM.maxB2);
individual[3] = genBeta(OM.minB3, OM.maxB3);
individual[4] = genBeta(OM.minB4, OM.maxB4);
individual[5] = genBeta(OM.minB5, OM.maxB5);

return individual;

}

private double genBeta(double min, double max) {
double beta = nextDouble(min, max);
return beta;

}
f**

* Generate random double number in range
*/
private double nextDouble(double min, double max) {
double result = generator.nextDouble() * (max - min) + min;
if (result >= max) {
result = nextDouble (min, max);
}

return result;

}

JE*
* Compare the best individual

x/

private void getBestIndividual (double fitness_value, int index) ({

if (bestFitness > fitness_value) {
bestFitness = fitness_ value;

bestIndex = index;
¥
}
JHx
* Print individual
*/

private String printIndividual (double[] individual) ({
String tmp = null;
for (int i = 0; i < indiwvidual.length; i++) {
tmp += "Beta " + 1 + " : " + individual[i] + "\n";

}

return tmp;

}

fEE

* Selection operator

* using Tournament method
* @return population index
*/

private int tournamentSelection() {
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int index = 0, selectedIndex = 0;
int min = 0, max = OM.POP_SIZE - 1;
double minvalue = 1leé64;

for (int i = 0; i < OM.TOURNAMENT SIZE; i++) {
index = generator.nextInt(max) + min;
if (minvalue > fitness[index]) {
minValue = fitness[index];
selectedIndex = index;

}

return selectedIndex;

}

;"**
* Crossover Operation
* result is two offsprint
* Store result in Global wvariable tmp offspringl & tmp offspring2
*/
private void crossover(int indexParentl, int indexParent2) {
int crossPoint = selectCrossoverCnePoint();
double[] parentl = population[indexParentl];
double[] parent2 = population[indexParent2];

int lastLength = (OM.CHROMOSOME LENGHT - 1) - crossPoint;

/*Create Offsprint 1%/
System.arraycopy(parentl, 0, tmp offspringl, 0, crossPoint + 1);
System.arraycopy (parent2, crossPoint + 1, tmp _offspringl, crossFoint + 1,

/*Create Offsprint 2%/
System.arraycopy (parent2, 0, tmp offspring2, 0, crossPoint + 1);
System.arraycopy(parentl, crossbPoint + 1, tmp offspring2, crossPoint + 1,

}

/*Select crossover point
*using one point one point crossover
*f
private int selectCrossoverOnePoint() {
int index = generator.nextInt(OM.CHROMOSOME LENGHT) + 0;

if (index == (OM.CHROMOSOME_LENGHT - 1)) {
index = OM.CHROMOSOME LENGHT - 2;

} else if (index == 0) {
index = 1;

i

return index;

}

/*
* Replacement Operation
* Using Steady State Method

*/
private void replacement() {
int indexl = nagativeTournamentSelection():
int index2 = nagativeTournamentSelection();

double fitness offspringl = fitnessFunc.calculate(tmp offspringl);
double fitness offspring2? = fitnessFunc.calculate(tmp offspring2);

if (fitness_offspringl < fitness[indexl1]) {
fitness[index1] = fitness_offspringl;
population[indexl] = tmp offspringl;

getBestIndividual (fitness[index1], indexl);
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if (fitness_offspring2 < fitness[index2]) {
fitness[index2] = fitness offspring2;
population[index2] = tmp offspring2;

getBestIndividual{fitness[index2], index2);

}

/*
* Replacement Method
* using Nagative Tournament
* @return index
*/
private int nagativeTournamentSelection() {
int index = 0, selectedIndex = 0;
int min = 0, max = OM.POP_SIZE - 1;
double maxvValue = 0;

for (int i = 0; i < OM.TOURNAMENT SIZE; i++) {
index = generator.nextInt(max) + min;

if (maxValue < fitness[index]) {
maxValue = fitness[index];
selectedIndex = index;

}

return selectediIndex:

}

VA

* Print Statictic

* @param generation

* keep static to global wvariable

*/

private vold recordstatistic(int generation) {
/*Record statistic datax/
String x = Integer.toString(generation);

resultText = resultText + "\n\nGeneration " + x
+ "\nBest RMSE is :\t" + fitness[bestIndex] + "\n" + bestIndex + "\n "
+ printIndividual(population[bestIndex]);
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/*

* To change this template, choose Tools | Templates
* and open the template in the editor.

*f

package gamlr;

import java.lo.DataInputStream;
import java.io.FileInputStream;
import java.io.ICException;
import java.util.StringTokenizer;

public class readCsSV { //readCsSV class starts here

private int countLine = 0;
private int countField = 0;
private string fileName;

public void read(String filePath) throws IOException {
fileName = filePath;
//string variable which take each record at a time
String thisLine;

//A FileInputStream obtains input bytes from a file in a file system
FileInputStream fis = new FileInputStream(fileName);

/*om input stream lets an application read primitive Java om types
from an underlying input stream in a machine-independent way*/
DataInputStream myInput = new DataInputStream(fis);

while ((thisLine = myInput.readLine()) != null) {
//beginning of outer while loop
stringTokenizer st = new StringTokenizer(thisLine, ",");
countField = 0;
while (st.hasMoreElements()) {
string field = st.nextToken();
//system.out.print(field + », ");
countField++;

countLine++;
} //ending of outer while loop

}

public double[ ][] getPCData() throws IOExXception {
double[ ][] dataPC = new double[countlLine][countField - 1];
String thisLine;

FileInputStream fis = new FileInputStream(fileName);
DataInputStream myInput = new DataInputStream(fis);

int line no = 0;
int field no = 0;
while ((thisLine = myInput.readLine()) != null) {
stringTokenizer st = new StringTokenizer(thisLine, ",");
field no = 0;
while (st.hasMoreElements()) {
string field = st.nextToken();
if (field no < countField - 1) {
dataPC[line no][field no] = Double.parseDouble(field):;

field no++;
}
line no++;
}

return dataPC;

}

public double[] getOMData() throws IOException {
double[] om = new double[countLine];
String thisLine;



FileInputStream fis = new FileInputStream(fileName);
DataInputStream myInput = new DataInputStream(fis);

int line no = 0;
int field no = 0;
while ((thisLine = myInput.readLine()) != null) {

stringTokenizer st = new StringTokenizer(thisLine, ",");

field no = 0;
while (st.hasMoreElements()) {
String field = st.nextToken();
if (field_no == countField - 1) {
om[line_no] = Double.parseDouble(field);

field_no++;
} 0
line_not+;
}

return om;

}

AR
* Return number of PC Field
*/
public int getPCFieldNumber() {
return countField;

}

} //readcsv class ends here

79



AUN 5 MIDTUNAENT

VLS

* To change this template, choose Tools | Templates
* and open the template in the editor.

*/

package gamlr;

import java.io.BufferedWriter;
import java.io.File;

import java.lo.FileWriter:
import java.io.IOException;
import java.io.wWriter;

import java.util.logging.Level;
import java.util.logging.Logger;

/x*
*

* @anthor numvarn
*/
public class writeFile {

File file;
Writer output = null;

public writeFile() {

try {
file = new File("result.txt");
output = new BufferedWriter(new FileWriter(file));

} catch (IOException ex) {
Logger.getlLogger (writeFile.class.getName()).log{Level .SEVERE, null, ex);
}
¥

public void write(String strInput) throws IOException {
output.write(strInput);
output.cleose();
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