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MANUIN N
msnanldsunsnals MATLAB

I { 4 o Aa
Tsunsy MATLAB (Matrix Laboratory) 1w T1sunsuildiieofuiansa
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.1 1n53a519v99 MATLAB
Tassadwueslisunsy MATLAB Usenouds 5 daulua aeiife
1. muldsunsy MATLAB (MATLAB Language) 1111w Tasunsus

[ o

Aq ¥ o [ = I I . .
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Programing) W1 1¥ms@eulusunsu ligeenidoMeunums@ouTdsunsudrenidue wiu
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(Command Line) ttagstuuns1niln (Graphic User Interface)
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J o o a o o 1 aa ° [y
Hendulumssrinaiivaaa Hendulumsmamiens Inadia Wudu Mldaunsoudilym
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5. aumiDayUNAAfeINMeuen (MATLAB Application Program
Interface : API) API %ﬂ%’zﬁeﬁﬂ’uauumiaﬂdmmmauaﬂiﬂﬁuﬂiu MATLAB 11 715
Anno91n 1U3UNTY Visual Basic (11udu

wonmInfillaunTy MATLAB Safimaitusiuueamsthamuun it
NAeIA503110 (Toolboxes) NFIelumsIney Tasusaznasunsoaiioszinziuauly
usazau 15U ndewnesiiemsiszuiadamas (Signal Processing Toolbox) naeun3ediie
M5152178HANIM (Image Processing Toolbox) Hazndasain3odile Tasaiolszamidion
(Neural Networks Toolbox) 1iud #aluaniiseii1d1¥ndountodio  Taseieiszam

Hewangaelumsanang N85I TNTIARIY

n.2 M3Weulsunsuais MATLAB
@ 3|

Tumsi@euTlsunsndie MATLAB vzdpaiiudinldsunsubuumana m

£ A 1 . @ 1 ] . I o [ '
FU3enN M-file A20810%U 151050 train_nn.m W Tdsunsudmsumsaenlasaie

[ % J d v { '
Uszamifiounaasdaninidsznon n.1 G luldsunsuiiinmsFenldiladduniiogiu
@ 1 ] o A = ~ Y J o . A Y v A
MATLAB éegulunssian 5 ImsGenlailandy size ilemvuiavesioyanadns i
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2 Editor - C:\MATLABZworkitestitrain_nn.m* =S
File Edit Text Cell Tools Debuy Desklop Window Help A X
DEE {BRERo o« S #F 88 80 E 38| secx BEOHEI O
1 function [net,w_hidden,w output,acc predict wvalue] = train nn(Input, Target, H, Activ_ func)
2
3 - net = []:
4 - tr = []:
5 - temp = size (Target):
5 - Cc = tewp(l,2):
7 - [Input_nn] = tansp{Input):
8 - [Target_nn] = tansp(Target);
9
10 - net = newff (minmax (Input_nn), [Hidden node,c],{Activ_func,ietiv func}, 'trainlm');
11 - load' c:\.variable_for_print_rule_ex.mat' ;'intEpochs')
1z - net.trainParam.epochs = intEpochs:
L5 |= net.trainParsm.goal = 0;
14 -— net.trainParam.show = 50;
15 - [net,tr] = traininet, Input_nn, Target_nn) ;
16 — Cutput_nn = siminet, Input_nn);
17
ig - [Cutput] = tansp (Cutput_nn);
19 - acc_predict_wvalue = ace predict(Output, Target):
20 -  w_hidden = net.iw{l,1}:
21 - w_output = net.lw{Z,1l}:
ZZ

Msznou n.1 AIBe19 M-file

[~ @ ' o W 1
nnamlszney n.1 iudeds M-file AflFzAvstloudidaniu

P4

ad o A Y Yq ¢ Y Y A =R = 9 A
nuAduesalagase e lngldamnsaldnuldie vazazainsadiu edoudoulisunsy

4 1 @ a o [ Y
Wonapn UG 19m19n5 19N (Graphic User Interface) TaatiuiinTusunsuiluwwana fig @7

a1 TUsunsy NNPMFW. fig (i1 T1sunsulumsda Tnua lnseiielssamdien fanw

Uszneu n.2 Usznoudieing (Objects) A9 14U H1A1 napItonW Thedonau uazilu

dWludu TasTisunsu MATLAB szadeldsunsy M-file Smsumsadeiagang 1ilae

[ 1 Y
g Tuala tazansamumidaluTsunsy M-file 1iu'ld
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& guiNNP_MFW.fig
File Edit Wiew Layout Tools Help

sEH WY >

Rule Extraction form Neural Networks Pruning Using Frequency Interval Data Representation: RENN-P-FIDR
Phase I: Neural Network Pruning Using Maximum Feature Weighting (NNP-MFW)

rResult

Percentage split (Training Set) | gn %

Hiclen Modes I 4

Trainingy Titnes 100  Epochs

Percentage Weight Accept 20 %,

[y Meural Metwork Pruning |

Back: ain Mext: REMMN-FIDR Save |

mwilsznen n.2 dediallsunsuFousonugdldniensiniln

n.3 m3damslvlduazlvlames

Tunsiszuranaveelisunsy MATLAB agiinmisaumiileadsunse
Tl5unsuae audunia (Path) i lasvua’ld SriugrdosmatiudinTdsunsy 3y 1du
malmigahildimua'ls szdesimuadumalmivhuiiugae Tagldny File >
Set Path deluldsunsumsasangnivisssusialdiinisifimiduni

C:\Rule Extraction from Neural Networks aanmilsznew n.3



=) Set Path

Al changes take effect immediately.

MATLAE search path:

| 2dd with Subfolders... |

[ Save ] [ Cloze ] [ Fevert ] [ Dretault

[ Add Folder ... ] [ CAMATLAB toolboxhsignalisigtools
(3 CAMATLAET toolhoxhsignalisptaolgui
[ CAMATLAB toolboxhsignalisigdemos
L CAMATLAET tonlhoxhsplines

[ MovetaTop | [0 CAMATLABE7 taolhox\stats
(3 C:AMATLAET toolhoxhsymbalic
[ I ] [ CAMATLABE7 oolhox\wavel etwavelet

[ CAMATLABT toolhoxwaveletvwavedemo

[ CWMATLABT toolboxvwebserverwehservar
[ CAMATLAB toolhoxvweb serverwsdemos
0 CAMATLABT wark

|3

BE C.\Rule Extraction fram Meural Metwarks

Aalsznen 1.3 MIS MU UMANY

0.4 msadranslullsunsy MATLAB
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P Editor - C:\MATLAB7\workitest\p_graph_RENN_P_FIDR_vs_Thr.m* =S
File Edit Text Cell Toolz Debug Desktop ‘Window Help AR X
DEE {BRR- o« S #MF 88 85 E 8| sex BHOHEF O
1 function p graph RENN P _FIDR ws_Thr (Awbig 30, Awbig 50, Awbig S0)
2
8= [Lmbig 30] = transp(imbig 30):
4 — [Ambig 50] = transpinbig 50);
5 - [Ambig_S0] = transpinbig_S50);
5]
7 - setigef, ' Color',[1,1,11):
g
9- L =[36&7]:
10 - plot(L, Awbig 30, 'k-.d',L, Enbig 50, 'b-=',L, Ambig 80, 'T——+'):
11 - title(' '}:
12 = xlabel('L'}l; ylabel('#Rule']:
13 - legendi' = 30',' = 50',' = 80');:

amisznov n.4 Tsunsuadenssaung

#Hules

E 1
3 g 7
L

v J o
mwilsznew n.s waansves Tsunsuadranssaung

TumsadrnslluTisunsy MATLAB wiimssmuagiuuudunaasdsn

5199 1.1 IATOININGUAAIAINITIN 1.2 LALTUTAIRIANTINN .3

~ Y
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YRRV} d Y
anyal JUnDIEY
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- Junu
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0 2908y
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NANUIN U

dolaTdsunsumsanangmusssumna laeld Inseiedseamiions

9 A a 9y Ay Y A 1Y Y
'IJiWﬂgﬁu”ﬁli’J‘VI’E)‘ﬁ‘i_l"lEJEIJ’E)i;IJaL’Uﬂﬂﬂulﬂﬂﬁﬂﬁiﬂiuﬂiﬂ aanmlseney 9.1

J Welcome Rule Extraction from Neural Networks

Rule Extraction from Neural Networks

Version 1.0
t GROLIP |

The purpose of this prograrn is used to extraction rule frorm data.
Diata can have many input attributes and class. The method in this program is
Rule Extraction form Meural Metworks Pruning using Freguency Interval Data
Representation (REMN-P-FIDR). The type of rule is liguistic rule that represents
by natural language terms such as small, medium, and large. User will be able
to understand the linguistic rule easily.

amilsznou v.1 Tdsunsumsanangnusssuna laeld Inssiielseamiion

FuAuanangMEIsITUmA laeld Iassielszamiion ldTasaaniu oK

FazlinguinedmiuTvaadoya luda Tl sunsudinmilszno v.2
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J Rule Extraction from Neural Networks

File Rule Extraction from Meural Metworks  Help

Rule Extraction from Neural Networks

Yersion 1.0
1
— Please load data to workspace
08t
Databazes name Mare
Mumber of Attributes : Mone 0g
Mumber of Clags Maorne
0.4 r
Murmber of Instances : hlane
02¢
D 1 1 1 1 1
1] 0z 0.4 0.6 0.8 1

Mumber of rovws in each class
9 9 o Y Y [
amilsznou v.2 nivedwisu Tnaadeyadn TdaTusunsuy

F4
o 4
1niuTraadoyaninlwadoyainunly workspace ¥oeTsunsu MATLAB
; s < o o 2 1o
Falu'ladoyavzdvunudoya 1A ludumls 2 @uilsfe Input total Mnusidlsdoyat
Y3 [ v A T 9 09/’ o a <3 [V dy
1Az Target_total NUAWadnsnsengudoya Taene 2 dulslgluunlumanuasi
o o ] 9y o w 9y
® auls Input_total Tudwmtiaveanndldunudduvenndtoya uas

o ] @ 9 o @ 9y Y o
G]W!LWH\?‘U'ENWEIﬂclqﬂWIuﬁ’lﬂﬂﬂl@ﬂ@]')uﬂiﬂ]@yjﬂ!‘lﬂ ﬂ\?ﬂ’l‘Wﬂﬁgﬂ'ﬂU 9.3

o ] ¥ A
GI’J!L‘]JTUGH@HJWI 1

9 =
UDIVBYIN 1
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1 2 3 4 5
1 g 10 10 =
2 5 3 3 3
3 g8 I 5 10
4 7 4 B 4
] 10 7 7 B
B 7 3 2 10
7 10 5 5 3
& = 4 5 1
] 5 2 a3 4
10 10 7 7 3
11 10 10 10 g8
12 5 4 4 g
13 2 5 3 3
14 10 4 3 1
15 B 10 10 2

=} 1w Y 9y
Mnlsznou v.3 ﬂﬁm‘iJﬂWl’JLLﬂﬁell’e)y,aL"ln

@ o ! Y o w Y
® aus Target_total Glum!,muwmLLﬂﬂG}ﬂWlHﬁM“]JSU’eNLLﬂaeueag,a

v

' 3 = @ v VoA I Y o
wwadwsiu 2 vinedadluveyangui 2 Wuau danmilszney v.4

9 =
upIveyan 1

Y o A = v A 1 3 v o A2 Y v J & =®K 9
Ll,aﬂﬁlﬁfiaﬂ‘ﬂ 1 LWfl\ﬁ’iﬁﬂlﬂﬂ')nﬂ11!1!11!ﬂ15!!7]uﬂ1ﬂaﬁ1/\|ﬁ FINMHAANTUY 1 Hu1enudule
Y
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=
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L]
.
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= |k = o (P
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-
o

3 1 v Jd A I/
ﬂTW“lJﬁ%ﬂ?J‘]J 1.4 NSNUATNAANTHIIONQUUDYA

J a [
TumsTvaalWadoyalinanidonuy File > Load database #anwiiznol
A sy oy v a ¥ ¥ &
.5 1o Traa IddeyasendooudalisunsuazuaniseaziBenvesdoyaisznouais ¥o

Y
gudeya Swaudwlsdoyadn Swaungudoya uazswauunidoya wenandillsunsy
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@ A o Y ! vy g ' Y < 9
‘(’J\ulﬁﬂ\iﬂﬁ'W‘lﬂ'J']iJﬂfl]'luaullﬂjeu’ﬂ%ljaﬁluuﬁagﬂ@‘umﬂy’a @IGEJEJNMﬂgmGlJ’mJ“aTﬁmJZLN 191

uyAIMNlszneu .6

File: Rule Extraction from Meural Metworks  Help

Select File to Open

@ ural Networks E!'H

i Diabetes
E Heart_C
| Heart_s5
; Heart_T
3

Laok. in: |_; far_program_testing ﬂ &= =k EB-

File name: |W'BC

Open |

Files of type:  [MAT files [*.mat) | Cancel

Mumber of Instances

0.4F

Mone

o

u] 0z 0.4 0.6 0.8 1

MNumber of rovws in each class

amwlszneu 1.5 M3 Tvan ladeya

File Rule Extraction from Meural Metworks  Help

— Load complete

Rule Extraction from NMeural Networks

Version 1.0

450

Databases name :

Mumber of Clazs

Mumber of Attributes

Mumber of Instances :

400 -

WEC 350 -

250+

200 ¢

2
Murnber of rows

699 150t

100 ¢

a0

1 2

Murmber of roves in each class

Mexd: REMM-P-FIDR

amilsenay .6 mmﬁmawaz@ﬂmm%’aya
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AANIAD NN Rule Extraction > Rule Extraction form Neural Networks Pruning
using Frequency Interval Data Representation: RENN-P-FIDR w3ona ﬂﬂil Next: RENN-P-FIDR
4’ % a 9 ] = d' ] % 9 ]
MoaNANYMEIFITUIA lagld Inssinedszamnennrmunmsaa lvua laglsnisunuai

A 1 9 & Y 9 0’1‘ o A 1Y ] =}
mmamawaway‘a GHQ%SL%”I%Z(ﬁUW@ﬂJU@@M‘HﬁﬂTI I ﬂﬁﬁﬂiﬁuﬂiﬂiﬁ‘ﬂ"lﬂﬂigﬁ"mmEJlJIﬂﬂ

9
Tanimingega (NNP-MFW) taasaaniwilsznon .7

)
<7

- [=][x]
u

File Help

Rule Extraction form Neural Networks Pruning Using Frequency Interval Data Representation: REMN-P-FIDR
Phase I: Neural Network Pruning Using Maximum Feature Weighting (NHP-MFW)

— Result

— Variahles

A~
Percentage =pit (Training St | = | %
Hiddlen Modes 18
Training Times 100 | Epochs
Percentage VWeight Accept 20 o,
Meural Metvwork Pruning

<

9 qg.l‘ o A o 1 ~
NNYsZNOY .7 HHTUABUKANT T msaa Ivua lnseuielseamiewy

9
Tagldanimingage

Y
Tumsdalnua lnswedssamiioyTasldaninningsgaszdessimuada

1 U d' U dy
u50199 A9M5199 V.1 A9l

@15199 U.1 a5 luduaeuvani 1 (NNP-MEW)

4 [ o a 1 H 3 1 H o
F¥odunls AT aduldld | aduuzain
o <
(LAVAIUIULAYN)
. 9 A 9 1 9
1. Percentage Split | SogazN 1 lumsguioyayadou 1-99 80
(%)
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2. Hidden Nodes NuuTruageululasavie 1-99 1992
1lszan-1iey (nodes) V991U
Funlsde
9
yaudn
3. Training Times | 1usoulumsdoulnseane 1-10000 100

seam-thow (epochs)

U ]
4. Percentage Sudesazvestihminheeusy 0-100 20
. Y Y A % [
Weight Accept | 14 910a1unzdAa Tnualasavie
Uszam-then ldun drilimilesay
dalvualasaiedszaniien]d

o8 (%)

o 1o VY v ) J o A v Y

A10619 friualidosazuestoyayadon = 80 Sooazuoaiminfeonsu'ld

= 20 SwuInuagou = 9 Tvua uazdwauseulumsiGous = 200 sou AANIy Neural
. A o [ ~ o ]

Network Pruning tioaa Inua lassinedseammon TUsunsuagiimsaoulassiielszam

= %
Meuaannlsznou 1.8
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File Help

) Training with TRAINLM
Rule Extral Fi= Edit “iew Inzert Toolz Desktop  Window  Help ~ FNN-P-FIDR

& ; Performance is 3.47101e-015, Goal is 0
10 T T T T T T T T

— Variahles

[

Percentace spilt (

Hicllen Modes

(]

Trainingy Titnes

Training-Elue

Percertage Weidg

D.
=]

10'15 I I I

1
0 10 20 30 40 50 B0 70 a0 \__¢
EF Epu
Back Main | [ Mext RENN-FIDR | [ Save |

nilsznew v.8 Myaeu lasavielssarnienlumsaa lvua lasavnedssanney
wihvewadnin lduaasdanmmilszaon 1.9 Fadiflulwidenaan 5 tuTaoua

® New dalnualasaielszanmonlagaoulasaiielssammnoy
Tmivzdvananily New
® Neural Network Pruning fin 11iua InsevieseanniionTae ludesaoy
] =1 ] 1 A v 9 oy o A 1% F2
TasenedszanndionIny uanldeuaiosazvouiminiisensnld
o o 4 J ]
® Back: Main N1 l§arivhae Tnaadeya iive Tnaa luddeyalna
Y 1
® Next: RENN-FIDR l/danineduaounani 11 msanangniuisssy
AN Iaseinelseamiion TagmsumuaIn1wdvesedoya (RENN-FIDR)
=3 [ P 9 [ [
® Save iufinwadansn ldanmsaalnuadnimilszno v.910
[ P Y 1 :J‘ [ & = v 1
HAANSN 1A luaazTuaouIaaInInINlszney v.11 FalT10azBennn0
k4
i
H A oy Y o y » Y
Tuaeun 1 mawssudoya Uszneudlednvazvoddoya Maguioya

YAToULASYANATOU
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H A ' = v a v 'y
Tugoun 2 mydeulasielszaninendlisnsFouIuuuNIdou

[ 9 1 oy [} 1 =} d‘ 9 1
naulsznouals arsanihminveslnsiglszamiioni ldannmsaoulngeiig

{ 3| ' g’ @ [ 1
Uszenmidion Tagasned 1 ifumsudasaniminnnTnuadoyadn lUda Tnuagou uaz
A 3| 1 g’ o T o v J dy‘u 1
3199 2 umsaasanimninonn vuagou llds Inuanadns venviniidueaas  an
9 Y 1 = 9
ANNYNABIVBIVBYAIN IATIV BTz enNINENAIY

o 42 an o ' = Y1 o o
Tuapun 3 TuaoudIsmsda Inua lnsanslszamimenlaglyanimin
Yy o Y Y 3 Y @ o 4 0 Y
gage Usznoudiedulsvoyanuas Tnuadeyarinvdasiumsda Ivua  daezgminnly
9 1 1
luduaoundni 11 MIanangEI5IIuHAN Inssnielszammen Tagnsunuainud

Y093 9U03A (RENN-FIDR) sio 1)

J Meural Network Prunning Using Maximum, Feature Weighting: NNP-MFW
File Help N

Rule Extraction form Meural Metworks Pruning Using Frequency Interval Data Representation: REMM-P-FIDR
Phase I: Neural Hetwork Pruning Using Maximum Feature Weighting (MHP-MFW)

— Rezult
— Wariahles
H7| -304 -
. - H&| 623
Percentage =piit (Training Set %
EREH( 5 Set) Ha| -321

e s Mote: Hidden Mode = |, Output Mode = H
Accuracy of Prediction
. . Training Set = 100.00%
flainndiines Epochs Testing Set = 31 43%
Total Set = 95.25%

Step 30 Meural Metwork Pruning using Maximum Feature Weighting Algorithm

Percentage Weight Accept 20 o, Percent Weight Accept = 20

| Before Prunning | After Prunning

Mumber of Input Attributes | 9 | g
Merwy Meural Metwark Pruning Hidden Modes | 9 | 3

Input Aftributes after prunning = =1, x2, 23, x4 w5 =6 «7 =8
Time Run =7 sec.|

Back Mein | [ Mext RENN-FIDR | [ Save |

o < o v A
MNUTENOU 1.9 NINIBHAGNTVOITUADUNENT | (NNP-MFW)
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File Help

Save file name rd ”g]
Save in: |_‘;‘ work, LJ fj( EA- Cy Interval Data Representation: RENN-P-FIDR
| !Plot_graph_thesis_report  [)Wwa ature Weighting (MNP-MFW)
|_ZIExperiment [Z] result_MMP_MFW
\C)Graph_thesis
— | |ICymypaper_numz I
Itest =
CaThr
Lot Mods = H
File name: Save |
Save as lype: I"_txl LJ Cancel
Percertage Weight Accept a0 o Step 3 MNeural h:letwnrk Pruning using Maximum Feature Weighting Algorithem
Percent Wisight &ccept = 20
| Befare Prunning | After Prunning
Fumber of Input Attributes | =] | g
My Meural Metwork Pruning Hidden Modes | 9 | 3
Input Attributes atter prunning = x1, x2, x3, x4, x5, x6, x7, x5
Time Run =7 sec. .|
b

[ BackMsin | [ Next RENN-FIDR | [ Save

amilszney v.10 mytiunnraaniaslulng

Date: 11-Mar-2006
Databaze Name ="WBC

Fesult frorm Phasze Il NMP-MPWY
Step 1: Data Preprocessing
Mumber of Attributz =9
Mumber of Class = 2
Mumber of Rovws = 699
Mumber of Training et = 259 (80 %)
Mumber of Test Set = 140 (20 %)

Step 2 Meural Metworks Training
Murnber of Hidden Modes =93
Training Tirme = 200 Epochs
Wzight




Input Layer to Hidden Layer

MH| HI HZ H3 H4 H: HE Hf HE H3I

M| -01 05 -04 135 56 435 21 24 10
2] -32 -20 28 -235 84 0219 -03 13
3] 1.3 04 06 -01 43 -23 02 18 1.3
4] 15 47 -20 -20 43 -33 01 05 -24
5] -01 -39 -05 -31 57 -20 -42 40 -08
B 27 33 -25 29 -03 49 20 39 43

Fl -21 48 -08 27 11 18 -44 -60 -03
[§ 0% 11 08 22 10 03 -46 -27 12
9] -43 33 36 03 -43 57 25 04 31

Maote: Input Made = [, Hidden Mode = H

v :/I [ { 1 09:
ANUTLRoU v.11 NaaNFUeITUABUNANT T (NNP-MFW) luinazdunou
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Hidden Layer to Output Layer

HIo| o1
H1| -34.0
H2| 3.5
H3| -2.7
He| B1.7
HS| 342
HE| -32.7
H7| -309
Ha| 623
Ha| -32.4

Mote: Hidden Mode = 1, Output Mode = H

Accuracy of Prediction
Training =et = 100.00%
Testing Set = 91 43%
Total Set = 93 28%

Step 3 Meural Metwwork Pruning using Maximuem Festure Weighting Slgorithen
Petcernt Weight Accept = 20

| Before Prunning | After Prunning

Mumber af Input Attributes | 9 | g
Hidden Modes | 9 | ]

Input Attributes after prunning = x1, x2, x3, x4, x5, %6, x7, =3
Time Run =¥ sec.

MWsEnou v.11 (99)
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?MWsEnou v.12

J Rule Extraction from Neural Networks Using Frequency Interval Data Representation: RENN-FIDR
File Help

Rule Extraction form Meural Metworks Pruning Using Frequency Interval Data Representation: RENN-P-FIDR
Phase 2: Rule Extraction from Meural Networks Using Frequency Interval Data Representation (RENM-FIDR)

— Result

— Test Option
@ Percentage Spit (Training Set) an S
() K Fold-Cross Yalidation 10
— Wariahles
Linguistic Tertns 7
Threzhold Freguency Interval z0
Training Tirnes 100 | Epochs
Rule Extraction

Back: MMP_WFA

9 [
Aisznou v.12 niveduaounani I ManangnEIFITNAIN INTI918

Uszemiion Tasmsunuainudvesradoya

Tunmsadangmusssunannlasanisdszanmen Tasmsunuaianug

Y099 0yavzABITIHUAA ) TA19 Aa1319N 2.2

@15199 U.1 a5 luduaeuvani 11 (RENN-FIDR)

§y o o a 1 Yy 1 { o
¥odunls MUY anduld1d | arfuuzai
o <
(ravAUIUAY)
1. Test Option 1. Matdenguioya (Honuuy 1.1=1-99 1.1=280

1.1 Percentage Split 1)) 1.2=1-10 1.2=10
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1.2 K-Fold Cross

Validation

1.1 wundesaz ldlumsgudoe

UagAaoU (%)

U Q

1.2 1UUANUNENTI K NQu

2. Linguistic Terms MUduIUM¥IEIINMA 2-20 7
3. Threshold manusinieensy 18 0-100 50
Frequency

Interval
4. Training Times uauseulumsaoulasavie 1-10000 100

Uszannen (epochs)

Y ' A 19 Y ° vy 9
AIDYN NFUVDYALUUIDYAL Iﬂﬂﬂ'\ﬂﬂﬂﬁlﬂﬁﬂﬂa$mﬂﬂﬂl@y’ﬁ

¥

Q

J 3 o a o
aou = 80 /osiyu muaugﬂuuumyTﬁiﬁJGm =5 Lmzmuauiﬂﬂumﬂ?ﬂui} =200 50U

AAN1W Rule Extraction tNoanangmusssuma llsunsusziimsdonlasaiolsyam

= %
Meuaamnlsznou v.13

E ST L
File Help

Rule Extract

File Edit “iew

Insert Toolz Desktop ‘Window Help

fiiase = Ru ) Perfarmance is 0.0016513, Goal iz 0 [MN-FIDR)
10 T T T T T T T T T
-~
— Test Option )
(%) Percentage Spitf
() K Fold-Cross W4
o
=
; o
— Wariahles E’ okl J o
Linguistic Terms -% medium ar x5
=
Threshald Fregquenc
Training Times
1 0'3 L L I 1 L I 1 L L
0 20 40 &0 g0 100 120 140 160 180 200
200 Epochs -

mwlszne v.13 madeulasainelssaminenlumsanangnusssuma



140

o da o % ' a 1 1
Wivenaansn laudasaenmisznou v.14 Feditjuldidenndn 3 Yulaoua
1 =1 9J d‘ (% dy
az1juinihnail
. A Y a ' ~
® Rule Extraction (WaNANHN1¥153381A910 I3 elszamninen Tag
MIUNUAINIINDVDITITOYA
[ 9 QaJJ o A o 1
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J Rule Extraction from Neural Networks Using Frequency Interval Data Representation: RENN-FIDR

File Help

Rule Extraction form Meural Metworks Pruning Using Frequency Interval Data Representation: REMM-P-FIDR
Phase 2: Rule Extraction from Meural Networks Using Frequency Interval Data Representation (RENM-FIDR)

— Result
Mate: Hidden Mode =1, Output Mode = H

|

— Test Option
Accuracy of Prediction
(®) Percentage Spit (Training Set) a0 ) Training Set = 99.52%
Testing Set = 92 56%
O K Fold-Crozs Walidation 10 Total Set = 98 43%
Step 6 Linguistic Rule Crestion from Postive Wiight
el Linguistic Rules
R If %6 = very large or x1 = very large or x2 = very large or x3 = very large ar x7 = very
Linguistic Terms 3 large oF x4 = very large of ®8 = very large of x5 = medium of 24 = large or ¥2 = medium or x5
= very large or x6 = large or x6 = small then class 1
F2 If %1 = large and x5 = small
Threshold Freguency rterval 50 R3: If %8 = large and =3 = small then class 1
Elze clazs 2
Training Titnes
200 | Epochs Murmber of Rules = 3
Mumber of Conditions =14
Accuracy of Rules

Training Set = 97 57%
Testing Set = 95.43%

Total Set = 97 42%
Titme Run 35 zec. 4
W

Back: MMP_RFPAT

Y v
MNUTENoU ¥.14 HieRaaNTS IUTUAOUNAENT 1T (RENN-FIDR)
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Date: 11-Mar-2006

Database Matme = WBC

Percent YWeight Accept = 20
Fesult from Phaze I REMAN-FIDR

Test Option = Percentage
Mumnber of Training Set = 229 (50 %)
Murber of Testing Set = 140 (20 %)
Mumber of Total Set = 899 (100 9%

=tep 4: Linguistic Intervals Creation from Freguency Algorithm
Linguistic Termz =5
Threshald Frequency Interval = 50
Linguistic Intervals

“iling. terms |  wery small,  small, medium, large, very large

«1 |[1.050,[5.060),[6.0,7.0),[7.0,50),[9.0100]
x2  |[1.04.00,[4050, 50,60, [60,1000, [10.0,10.0]
%3 |[1.030,[3.04.0,[4.050), (5090, [9.010.0]

w4 |[1.030),[3.04.00,[4.0,7.0),[F0100),[100100]
%5 |[1.030),[3.04.0),[4.060),[60100),[100,100]
%6 |[1.0,60,[6.0,7.0),[7.0,9.0),[9.010.0),[10.0,10.0]
%7 |[1.04.0,[4.0,500, 5060, [6.0,80),[8.0100]

%5 |[1.03.0),[3.04.0),[4.060),[60400),[10.0410.0]

=tep 5 Meural Metwworks Training weith Linguistic Terms
Murmber of Hidden Maodes = 3
Training Times = 200 Epochs
WWeight
Input Layer to Hidden Layer

MH | HT H2 H3

M1] -24 59 41
M2| -41 08 -00
N3] 34 13 46

H4] 12 21 26

M5| 27 91 12
21| 08 -59 -28
1221 21 B9 1.2

23] 05 -39 -08
1241 01 03 13
25| 05 18 23
131 -22 07 -27
32| 16 05 09

133 54 -30 -48
134 | -08 -00 45
35| -06 -25 22
1] 13 15 57
421 15 24 -00
4 3] 26 05 -03
4 4] 04 10 30
l4 5] 04 -33 55
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Y 1 v
MNU5enou v.15 waans ludTuaounani 11 (RENN-FIDR) luuaaziunou

151 ] -29 44 45
1521 10 04 45
53] -24 33 06
1541 31 11 13
55| 07 77 08
51| -24 36 16
62| 24 21 1.2
53| 08 -09 -45
E4] 15 23 54
55| 07 43 25
71] 02 37 14
72| 46 -06 -21
73| 06 12 -34
7 4] 01 22 09
75| -00 77 04
B1] -26 114 18
52| 25 258 -33
53] 20 55 40
I5.4] 18 -25 04
55| 06 -25 -1

Mote: Input Mode = |, Hidden Mode = H

Hiclden Layer to Output Laver

HiO | o1
H | 72
Hz | -2a8
Hi | 296

Mote: Hidden Mode =1, Output Mode =H

Accuracy of Prediction
Training =et = 99 .52%
Testing Set = 92 56%
Total Set = 95 43%

Step B: Linguistic Rule Creation from Positive Wisight
Linguistic Rules

F1: If €6 = very large oF 1 = very large or x2 = very large or x3 = very large oF =7 = very
large of x4 = very large ar x8 = very large of x8 = medium or x4 = large or x2 = medium ar x5
=wery large ar x6 = large or x6 = zmall then class 1

B2 If x1 = large and x5 = amall

3 If %8 = large and x3 = small then class 1

Elze class 2

Mumber of Rules = 3
Mummber of Conditions = 14
Accuracy of Rules
Training Set = 97 B7%
Testing Set = 96 43%
Total Set = 97 42%
Time Run 35 zec.
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?MWUsEnoU V.15 (919)

o 1 Y A vy A 1 o v
AIDYN ﬂ’]!ﬁi’)ﬂfiﬂ%@lﬂﬁl!ﬂﬂﬂ?’]ﬂlﬂfJ\W]ﬁQ K ﬂ’spJ T@ﬂ K =10 ﬂ1ﬁuﬂﬁlﬁ

Saugluuumnsssunad = 5 sazswousenlumsiSeui = 200 sou aanilu Rule

. A Y a o Ay g
Extraction IWOANANHNIHITITUYIA T‘]Jmﬂimzmmsﬂizmawa 10 iauuazﬁ‘;ﬂwaﬂﬂ

AanNsznou v.16

Date: 11 -har-2006

Databaze Mame = WEBC

Percent Weight Accept = 20
Fesult from Phaze . REMM-FIDR

Test Option = K-Fold Crozsvalidation
Wo=10
Murnber of Training Set = 629 (90 %)
Murnber of Testing Set =70 (10 %)
Mumber of Total Set = 699 (100 %)

Step 4: Linguistic Intervals Cresation from Freguency Algarithm
Linguiztic Termz =35
Threshold Freguency Interval = 50
Linguiztic Intervalzs

®ling.terms | very small,  small, medium,  large,  very large

%1 |[1.0,50),[5.0,6.00,[6.07.0)[7.090),[9.04100]
%2 |[1.0,4.0),[4.0,7.0),[7.080)[8.0400),[10.0,10.0]
%3 |[1.0,3.0),[3.0,4.0),[4.050)[6090),[9.0100]
x4 |[1.0,2.0),[2.0,4.0),[4.0,7.0)[7.090),[9.0100]
%5 |[1.0,3.0),[3.0,4.0),[4.090)[9.0100),[10.010.0]
%6 |[1.0,5.m, [6.0,7.00, [7.0,8.00, [9.010.0), [10.0,10.0]
%7 |[1.0,4.m),[4.0,5.0),[6.0,7.0)[7.050),[5.04100]
%3 |[1.0,3.0),[3.0,4.00,[4.0,50) [50400), [10.010.0]

Step 50 Meural Metworks Training with Linguistic Terns
Murmber of Hidden Modes = 3
Training Times = 200 Epachs
Wigight
Ihput Layer to Hidden Layer

H | H1 H2 H3

M1] 09 199 482
M_2] 324 1936 -3241
N3] -346 32 -271
M 4] 120 949 249

M S]] 52 514 R1F

9 v ]
Mwilszneu v.16 wadws luduaeunani I (RENN-FIDR) ieidongudoya



145

HUDANMNBIATI 10 NN

| -21.0 -391 -347
| 204 37 138
| 54 -25 263

| -216 138 287
| 266 229 -201
| -28958 623 -53
| 154 -441 440
| 582 161 -355
| -4 292 173
| -0.3 894 2219
| -840 1371 148
I
I
I
I
I
I
I
I
I
I
I

427 A8 BB
B45 203 495
157 09 40
157 585 559
55 -84 -135
9.0 90 -6
395 426 377
02 19 09
475 585 30
ET5 104 456
A27 100 250
B3| 352 -20 -167
G4 ] 42 143 1.2
S| 242 1145 47.0
71| -434 1183 180
72| -97 341 398
73] 01 123 55
I7 4| 428 745 -581
7 5| 185 182 247
51| -266 514 368
152 ] 184 1127 128
53] 10 99 439
4] 114 44 141
55| 275 531 345

mEEEEEEELmemmMMMMMM

M—km-pwm—\m-hwm—tm-hwm—tm-hwm—t

EE

Mate: Input Mode = |, Hidden Mode = H

Hidden Layer to Output Layver

Hio | o
H | 56
H2 | 828
H: | 177

Mote: Hidden Mode = |, Output Mode = H

Accuracy of Prediction
Training Set = 97 1 4%
Testing Set = 97 14%
Total Set = 97 14%
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?MNU5EN0U V.16 (919)

Step 6: Linguistic Rule Crestion from Positive YWeight
Linguistic Rules

F1:1f %6 = very large of 1 = very large or x2 = very large of x3 = very large or €8 = very
large or x¥ =very large ar x4 = large or X6 = medium or x8 = medium ar x2 = medium or X6 =
large or xE = zmall then class 1

F2: If x4 = medium and x3 = medium

31T x4 = very large and x1 = large then class 1

Elze class 2

Murnber of Rules = 3

Murrkbet of Conditions =13

Accuracy of Rules
Training =et = 97 62%
Testing Set = 97 14%
Total Set = 97 .57%

End of Experiment 1

Conclusion
Murnber of Rules = 3
Murnber of Conditions = 11
Accuracy of Rules
Training Set = 96 62%
Testing Set = 94 41 %
Total Set = 96.39%

s By e M1
LBLLA L= = |

=3
o T

Mnlsene v.16 (av)

< o a
et ldausaldauldsunsumsadangniusssnea laeld
1 1 4 1 a [ I
Tasaglszadion ldheiosniidiumsaaaenudliiunny  Graphic User Interface
[ 4 o 1 qa/) 1 Y] o

wazuaaanadnsyeam s lundazvuasussadany Iaslumsiauaul 3 wiie

v A 9 o (% 9 9 o [ @ ] = Y

wanne Wived iU Inaaveya wihvedmsumsdalnualasaielszameylaglya
Y

Wingega (NNP-MFW) tagrinnedmsumsanangnissssuyaanlasaiedsgam

e TagmsunuAInNdveIEI9d0ya (RENN-FIDR)
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