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L. data mining

2. artificial neural network (ANN)
3. fazzy Logic

“_ rule based expert systems

>~ decision extraction

®- machine learning systems

" clustering

8. decision tree

%~ If-then rules
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L. energy dissipation



va

(FY-YO L) \WAY by | pinis Jlow | ST gobio (wititen (Galxo

S 2 50l oo (> sldoe (e pdil Sl
l_g d@u 4...._...: 6‘)_' "L.o}.aﬁm 0L R CA.‘})J
D9 o0 plol il ool aS i by diged 5l (a8 Slas
P ey 3l Bedos cnl 5o (Voo ¥ loglgnn 5 Ll bL)
il anwss 050 Waikato oSils ,o a5 'WEKA
Jlos! o as ceul ;53 ay p3¥ sl 00y )5 colaiul
SrSoly lim Gha, ¥ Lo eols 5,50 .0 MS (3,
o lel G dlic il 000 5 (659 0 ) (S—iilo
STV ol (g Gl 5o &S CenB N - L 50
Olye a7 4 “”@@uj’l sl ools 4lgie 4 o ools
(S oo L8 58l i ooliial 350 T oBjsel slaosls
c—inlol sla ools laredas Lo ools 51 KooV e s
o 485 s o bigel sla sols lgieds ady g
o3ld (ded a5 Wl o daldl Sloy b anlyd pl g caigu
osls lgie ay 42 g ‘S.i;anLa)'] e ools Glgic 4y o o
ool /V‘ stojé u,us) ) .\Jj_w salasu! 6**’)5-"] ‘_gLQ:
3 (g Ngd o0 UialesT b sols ausy Y+ 4 6&)’9@1 »
s 3l g Ghjael Cgzr Lo ools S g (3,
0dd Al dnd b s 103,05 o0 41,8 colainl 5 50
sl Sl 9555 e 518 el 2j90 Lo ools aen
w)_.o 6LA o)Ln] )I S P] S)9— 6Lﬂ> d.u_m R

o] 250 o)Ln] 99 u.:‘ .Ia.gl5) ! 00 oolaiul

> (ED, —ED,)’
RMSE :,/T (%)

Z(EDCi B EDC)(EDOi _EiDo)

\/Z(EDCi _ET:)(:)2 *Z(EDoi _EiDo)2 (V)

‘54.1.»_.»5 L [ RW) ML?LA ‘SAJLQ)lS d)bl ).n)LD.A EDC
50 00005 sasline arlo 5 1 polie EDy s

R=

wli as axg Lol o o ools slaws N g dgiolos]
&y SB3 () by, 45 b saslies wdal o 4

S5l Ly, il 40 G

*. Waikato environment for knowledge analysis
>- testing data
®- training data

bl Jlae .yl oo Cawd 50,5 j0 10 a5 el did
Plas a5 il g0 08 o po s 5 Sy
2 olail (g s e an ] il 050 sllas
L bigos ands las .08 oo dnle 0,5 o1 o o
000 3)lg0 Bad polie Soo Gl CE5 (65 ojlal
Slyoul malS gaulre Loy, 0gd oo yhoriw ool

il (o0 25 )30 4 (SDR) Jlene

sm:&am-im

Sd(T. ()
2] (T)

Sd(T)=\/1(iyf—l(iyi)2)
NSNS

A5 (5,130) Cansld digas 3l gl dgaza T Lafls, ol yo
aegazo (s onms olis Tiuogd (o3l 08 52
5,10 15 058l g0yl ame el TS sl diges 3 ol
Saa (Shg gose ade Y ol Blzul Kby Sy
5 S Il aas o ol | e ools o)leis N g 1 aiges
(oae Slbleidl solod ool 5lam (VY ) Sen
ooty 45 WS oo sl el gl 1, 2aeMB
yamaiy ool il azils | Wl g0 gllas als
oo oeals | g5 ol (g il sletg ol
o Sl e Jlore lsie @ il o (g9l 055
Sl 4y jze el (gony ey Gl 098 ends allals
SolaS 09,5 e aidly w9 S5 ()0 4l S
5 o 2l el Vgame | (0,5 oy 35 Ly
L oy a5 0,5 azg mb 008 o ol (i w5
CBs ol s cdl el a5 ol aslol sl Sl
Oy el (Vo ¥ sleglsa 5 Ll BL) 055
Dby A (05 (B (S50 dd (bl al> e
b by ly L Le a3l (o050l g aidly
1, il b s 5, dnds oloml g, ol
S3Laly amd S Al 58 5 0350l s alad 55 4
Cialidl el gl ol (0 JS8) WS e sl s
sl B (53,5 o 3l G 09 (oo MS s, 2B

o |y e ¥ .
sk A5 W08 (eSS Gl Gl 008 Blo

L. entropy
% prunning
%. smoothing



M5 (35 50 ands 3 ool b (6l aly (S (6595 3250 33 o, 5 ST Sy iy A

]

(S (G Al (S g owiid Sl -V S S ()95 Sl Al 1y (S S (Gaiged pgual ) JSCU

OFAA 0ol gobuyd g owlods) V¥ o b

ED sl X
> ools @‘5‘)‘5 Y
CED olul o b osls a9 —F JSCi

130
T4
4
34
18 B34 g
—‘4—|5—|U i} IB_IS—- "—|—lg |Ei i H
T 1 T 1
6.28 15 n 002 oo?

& ool ‘_s.v]jbs Y
G/ GH? ol 1 o ol @595 ¥ S



'\l

(FY-YO L) \WAY by | pinis Jlow | ST gobio (wititen (Galxo

| Training Data

\ Set
R .

l= az a3l

X,
4‘-' Mod%-% o %, Model2
3
e o %oe ® Modell
* . s ¥
2
Model4 o ,° | o*.Model6
1. _—
- -.‘ - . .
. 2 o |"4 Model5
1 2 3 4 5 6
Y[nutput:'

AYoof riloggus 9 bylalil) MO (5 50 a0y 50501 (galwgas Lo digai (gLid (gudy andil —0 S

#
*
H
T

=

=

= IO I e

P
#
"

E

Ll ¥ plw LED (Sotwsod (450 —F JSCi




MBS (5 55 a3l 00liiiwl b g aly (Koo (5395 32330 3 dsloy 5 W1 oy (Sl AY
Sl Al (Ko 5598 1 L A (9 5 Cliasiiee ) Jgux
Jslss e aly elis )| oy glas)|
o slass s e s,
(2o (g90s: 523D (rowtilor) (oniilo)
YAS- FY Vi ¥ V. Y- C) Ky )
YAS- Y Vi ¥ Ve Y. (GV) o so90e o)l b (S 5555 ¥
YA Y Vi ¥ Ve Y. (GH) o sl so)lpo b (S )55 ¥
YAS- Y Vi ¥ \ Y- (GVH) o a8l 5 so9ee so)lpoo b (S 5555 F
TAS- FY VY Y ) Y. (G) o
YAS- Y Vv ¥ ) Y- (GV) 4
TASL Y VY Y | Y. (GH) A
TAS- FY VY Y ) Y. (GVH) A
Pl p P 4 639)9 o 0old @595 —Y Jgur
s P VL HL
HS LS High Mean Low Yes No Yes No
oy ooV A q. AY WY ONFF YA e
e O30 S dls -Y o
oo s ol
g2/ gH3 P S VL HL
Maes N N A \
Mas NN A
Macs VoA x x
Fas voxoox x
Oy A X X X x




AY (FY-YO L) \WAY by | pinis Jlow | ST gobio (wititen (Galxo

S (6395 3y 59y 2 wloyl5 I yo gl b jil (g y (owyp— ¥ Jgur

R RMSE
st M5P M5RULE M5P M5RULE
() (<) (2 () (<) (2 () (<) (2 () (<) (2

(Vs S[-F  eJARe < JARY < /AFF VY S/AYY | oJAYe NNE A DeY o BYY VAR /e
(V)asds SINEY < /PAF oJAQ cJARE < PAE AEY | VBV VYAY  VAOE +/20%  VYAY  V/OFA
(F)asls SIAYO AN eJAR S JARY P AT | VSAY VYOS VABR - /AYA L VYAR NV DOF
(Faess N AR ARTRY N SRR 2 7\ Y 2% SRRY L R N VA7 SR /AL W A0 ANV 2 SENNRY/\ & SR AR
(B)arss SIEYY L IEYY SRR ISYA PN SAY | VENY NBee YINER VFLA VBeY YO
g2/gH3<=0.01: LM 1: ED =-76.8987 * g2 / gH3 + 0.5576 * Slope (HS) +

g2/ gH3 <=0.002 : 0.0997 * Porosity (High , Mean) + 0.4125 * Porosity (Mean) +

| HL=No: LM1 (26/46.71%) 0.7661 * HL (Yes) - 0.665 * VL (Yes) + 3.7977

| HL=Yes: LM 2: ED = -76.8987 * g2 / gH3 + 1.5794 * Slope (HS) + 0.0997 *

|
I
| | | Slope=LS: LM2 (13/59.574%) Porosity (High , Mean) + 0.7216 * HL (Yes) + 0.8706 * VL (Yes) +
| | | Slope=HS: LM3 (16/74.73%) 3.0769

| g2/gH3> 0.002: LM 3: ED =-76.8987 * g2 / gH3 + 1.4768 * Slope (HS) + 0.0997 *
|

|

|

|

| Slope=LS: Porosity (High , Mean) + 0.7216 * HL (Yes) + 2.2843 * VL (Yes) +
| | VL=No: LM4 (18/34.7%) 3.079

| | VL=Yes: LM5 (17/20.479%) LM 4: ED =-131.5011 * g2 / gH3 - 0.2153 * Slope (HS) + 1.0457 *
| Slope=HS: LM6 (56/25.522%) Porosity (High , Mean) - 0.5681 * HL (Yes) - 0.0324 * VL (Yes) +
g2 /gH3> 0.01: LM7 (121/12.338%) 3.7145
LM 5: ED = -82.6727 * q2 / gH3 - 0.2153 * Slope (HS) + 0.2439 *
Porosity (High , Mean) - 0.383 * HL (Yes) - 0.0324 * VL (Yes) +
3.7757
LM 6: ED =-181.1799 * g2 / gH3 - 0.1516 * Slope (HS) + 0.4709 *
Porosity (High , Mean) - 0.1772 * HL (Yes) - 0.172 * VL (Yes) +
3.6002
LM 7: ED = -21.1227 * g2 / gH3 - 0.2335 * Slope (HS) + 0.1184 *
Porosity (High , Mean) - 0.2408 * HL (Yes) + 0.155 * VL (Yes) +
2.3515

MOP s (galawgas ouls &Il (s Lulyy 9 (5553 Al -V S

Rule 1: IF: g2 / gH3 >0.01 THEN:

ED =-21.1227 * g2 / gH3 - 0.2335 * Slope (HS) + 0.1184 * Porosity (High, Mean) - 0.2408 * HL (Yes) + 0.155
* VL (Yes) +2.3515 (121/12.338%)

Rule 2: IF: g2 / gH3 > 0.002, Slope=HS THEN:

ED =-193.1623 * g2 / gH3 - 0.1672 * Slope (HS) + 0.5192 * Porosity (High, Mean) - 0.1954 * HL (Yes) - 0.237
* VL (Yes) + 3.615 (56/22.472%)

Rule 3: IF: Slope=LS, VL=Yes THEN:

ED =-24.0332 * g2 / gH3 + 0.4774 * Slope (HS) + 0.1473 * Porosity (High, Mean) + 0.3164 * Porosity (Mean)
+0.1278 * HL (Yes) - 0.1395 * VL (Yes) + 3.4036 (32/33.22%)

Rule 4: IF: VL=No THEN:

ED =-145.9951 * g2 / gH3 + 1.51 * Porosity (High, Mean) + 0.5802 * Porosity (Mean) - 0.2886 * HL (Yes) +
0.723 * VL (Yes) + 3.3353 (38/26.02%)

Rule 5: ED = 6.8377 * HL (Yes) + 3.0005 (20/35.98%)

MBERUIE ancis galowgas oo 451, cymilgd — A JSis
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