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THESIS ABSTRACT

An Empirical Study on IDTBN Applied to the Integration of Expert Opinions
-- The Case of Long-term Electric Load Prediction

By Hsiu-Shan Yang
MASTER DEGREE OF BUSSINESS ADMINISTRATION
DEPARTMENT OF IMFORMATION MANAGEMENT
NATIONAL TAIWAN UNIVERSITY
JULY 2008
ADVISER : Dr. Seng-Cho Chou

The enterprise rely on a lot of information to lead production, research and
development activities; therefore, how to transfer the information into knowledge
which assists enterprises in making decision, becomes one of the most important issue
in the age of information overload. Usually, extracting and integrating expert opinions
of specific fields are the common rule to acqﬁire knowledge.

Effectively converging expert opinions and showing the structure of the
knowledge model can be used for analysis and application in the future and the
decision-making of related areas. This thesis aims to extract the extraneous variables
and their impact degree toward predicting value. The goal is to integrate Decision
Tree analysis and Bayesian Network and construct a complete knowledge profile of
experts with those variables and data. Not only will the predicting value of single
analyst’s view but also an inferring structure including multiple views of experts be
acquired.

Because the integration of demand and supply side for electric power could
enhance the utility performance of electric power resource, the prediction of power
load becomes more and more important. With the aid of Decision Support System

(DSS), the power load could be predicted by making use of historical records and
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experts’ opinions and slightly adjusting the predicting value of DSS by experts, but
the great knowledge structure used for judgment was not kept. In this study, we select
the power industry as our research target, and use IDTBN (Integrated Decision Tree
and Bayesian Network) method presented in this paper, to integrate the opinions given
in the expert meeting and build an analysis model. As a result, it can improve the
prediction of electric power load and cope with the changing trend of the future.
Keywrds: Bayesian Network, Decision Tree, Data Mining, Integration of Expert

Opinions, Long-term Electric Load Prediction
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4 & e 4 2 (Chain Rule) » % 2. 4 7 & % ¢

p(xla""xn):Hp(x[ | Xy 5ees X)) (1)
i=1

13



H3nE - Bx o S0 c{x,nx, } - BET {x,..x }° &2 x 5+ &

Lo mpAp@E
P0G | %) = p(x,|T1) @)

ﬂﬁg{%%mbﬁ?H}wﬂ%wmjiﬁﬁiw%&—k?ﬁﬁﬁ@“
IR RE- R S LR S 2 S TR R EE R
IR E it B E - By, A HEEIIERY - B & 2(Node) > @ 3% &
Botd ¢ EBE & TR o A2 S AR 0 AP HL X PEA T 3% 6B

7% BT e i o

BEFADNBENQ) APER L NERBEMI DA NLTE
p(‘xl""’xn):Hp(‘x[ [ 1I1,) (3)
i=1

Flt o Bl -l 2 WA T B RS KA o 4o SR

P(X,,X,,X,,X,, X5, X,)
:P(X6 |X5)P(X5 |X2’X3)P(X4 |X1aXz)P(X3 |X1)P(X2 |X1)P(X1)

GABA AR B REEA TP EEEE ER o FER
FoR kAL R REE IS P F R e F Rl k% o AP IF
FOo BRI F T OUE S B TR T 2 PR 2R AP R R BRR o A A
P R R BERLERD L CeRa Y LI P Bk

(Heckerman 1996) -

BN B T EF T o0 F - B FBOTEG - BiEEBFL o
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fo bp

0.15 | 0.85 0.1

fo

do| 1| 97 | 03 hear-bark (hb)
F | 001 | 099

Bl = -2 RS geR b family-out B 4L

( ##L % R : Charniak » 1991 )

B - -2%8- B¢ 74854 hf 6] (Charniak 1991) - &8 - &% mdaip) © e

AEE Ry PR AL AR MR family-out (R A A AR
bowel-problem ( j =t i i 48 ) ~ dog-out ( Jg & 5 3+ ¢t & ) ~ hear-bark ( F 3] Jjg =
) light-on (P #H &% % )o H ¢ family-out £ 7 A £ F 41 ; bowel-problem
Zm A FRERY ; dogout &7 5 EFE A% F e ; hear-bark & 7 E_F BT
fORJ vk g light-on 7 P /LT AF o F BREB R BT LT

FREFEEPIERLTH ARG B2 B M %o

PGk  APEXFALET NP o2 QR 2R F A%l

i)

AP R A LR NP REP G EL I AT A RLE Ay T

o
FOEF LTI D RR o S 27 e B R el T R

e 24 o 2B Z 27 hiF B A o b SRR SR
oo @b N R AR AR BT F R B AR RN

15



AR hche™ D F R (F) > 4eid (G~ BT (J)> &8 (A)~ 112 125] (8)
SodY FAFHEIL AT LFM G A7 a2 24 [ @2 p LFEF 2 4

JAF 2 B 24 P2 P REFARRTFHEMA BT L - R R

R A ﬁiﬁéﬁ@ s HEw S A EEFEG % % 9 M8+ 4 o (Heckerman

p(a=<30)=0.25
p(f~=yes) =0..00001 p(a=30-50)=0.40 p(s=male) =0.5

plg=ves|f=ves)=0.2 p(j=ves|f=ves,a=*s=%)=0.05

p(g=ves|f=no)=0.01 p(j=ves|f=no,a=<30,s=male) = 0..0001
p(i=ves|f=no,a=30-50,s=male) = 0.0004
p(j=ves|f=no,a==>50,s=male) = 0.0002
p(j=ves|f=no,a=<30,s=female) = 0..0005
p(i=ves|f=no,a=30-50,s=female) = 0.002
p(j=ves|f=no,a==>50,s=female) = 0.001

Bl =3 B KRB D R AT

(F 4L &k * Heckerman > 1996 )

Wpgm > APBEXRLT M FH 2RI BB RTLE
HfrF fApM e PR LT F R REFLTF 4R DT c RREBH G A
R UL G e ALY W RIAR M i A g R A 2 )
22 N gER o 1R 0 B BHAY O A PRFLIRFT OE S

plal f)=p(a)

p(s|f.a)=p(s)

p(glf.a,s)=p(glf)
p(jlf,a,s,8)=p(jlf,a,s)

4

d R RS P B R AT & S o F AT 0 ke

T A RFE RPN P RE PE RS B AR, AP RE Y- £
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PE R AT iRy

p(f.a.s.8.)) __ p(f.a,5.8,))
5
PUL - 458) = e sen ) 2, (a2, )) ©
RisPp > BN 3T E > PBN ST UL BEF L
, __ r(NDp@ps)pElHpllf as)
PUL a8 yp@ppte | fp] 1a) ©

__ p(NHpElNHp(lf as)
2., POl MpGfa.s)

2.2.3 E AR Y ES

PoX it en® ¥ §058 % & 5 Structural learning ¥2 Parametric learning & &
(Enrique, Jose et al. 1997) - ¢ A @5 ¥ 4 ¥ F R R R EHE ST ik
(quality measure) 2 % 3% i & ;% (search algorithm) o i 508 < Je g erud 4

¥ Ed RREAR B DG RURIRIGSR R R R AT B G a2 ) g e

%
&

B2 Benhose Fi8 ) RAFFeZ RAAEE » S M m 2 & dy e p) § +
TFH e o B RIS R R AT R e 17 H0E W R TR ahi i
2R FEER- BFLRREEST OIS NENETEESIPFE S
S o (AT 2005)

-l NREREYHNTET A 84 3¢ * (Enrique, Jose et al. 1997)

1. #F# quality measure ¥ search algorithm °

2. JI* search algorithm 45 1 — & 3 & F < b = L £ o Eﬁ:ﬁ?%’ &

22 R Sl B R 2 E RERATEL S R E 0 g S

PR o



fI* search algorithm 22 = [ = e cnGiE il & 5 & < #5022 o - U]
# #_(Constraint-Based ) ehjf 52 > = 2 1 8 & 0093 Sk rnag
(Fully-Connected ) ¢ = i 54~ 4o 48 » 5 d A 3 R s BRI & b =
E «ﬂ B MRl g B - BEFE L NRR &S 2N BRI
TR B G AR enh B R o ¥ - #Fef0F % B 2 B & Search and Score > s
F D RIOR BT T E ol VRES YRS - BER L SRS
17 ARV HOF I B EF el R F L0 2 5 K2 Algorithm £ Structural

EM Algorithm % -

quality measure ¥_3% o ¥— F L N RRLPE P UIEG RRE T TG &R R
BB R BV RS R R B S FE TR B o quality measure ¥ = B &

S B E S AT

Q = f(prior information) + g (available data) + h (network complexity)

- 4 L g quality measure 7 i 4o 71| = 78 ¢ (Enrique, Jose et al. 1997)
*  The Guiger and Hererman measure
*  The Cooper-Herskovits measure

*  The standard Bayesian measure

SHE Y AT

prior + likelihood » posterior

f |

L S LA ﬁ,ﬂ?ﬁﬂié‘f*ﬁﬁii (prior) #2 ¥ it 1+ (likelihood) 4¢ 12

PEEIE S (posterior ) o £ MZEBPFIFLT - H AT w T o Y

9

Being Y 25 o Bl * e Pl E3E* EM algorithm - EM algorithm 3

2
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e AE#HFZP SEY R OFTAY DR SR I RFOTH

o AMHIAEEH A HFTAHL REL T EA B DS E o ot EH R

M ZE R8> RESBEFTHDEEHI LR -

¥z 8 N ERE
AR AR RE AR SRR e 0 A i h R 432 (synapses) T

Pz e L BE N E AKEEEF SR TA R RE R KA SRR ATED

231 FH SRBERZ B

KpA 5 B (Artificial Neural Networks ) #_ - f8-T {7 4 $73% ad® 3t & #5540 o
B R R R T At S AR A g
ﬁ',t@?J MBI HE R R IR F M P AE 0O A NG amF SR Rk &7 R L
Ik F AT RE R TEREADN I R SRR ;ﬁd P E Y KRR A e
R R I S TR SUPTIELE SR T - [ e N W TS TR
Fo T R E P AT 08 ¥ At 4 (Learning Ability )~ i & 4 ( Adaptivity ) ~
w0 {540 B 3 3 i 4 (Inherent Contextual Information Processing) ~ % 4% v *

(Fault Tolerance ) % -

-‘q\
N
=1
R
o
0%
N
AN
it
o+
\
ok
i
2
T
RN
-
I
*‘ST‘
F_L
B0
N
AN
A
=1
|
~=ie
N
N
H
=3
“1
\,@
:
X
)\4—
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Feg g VOB O03F § LT ek T A G i FIEAR I Blde BAARTE R

RE orE 2 b A R L B HONER RSB E IR E 22 i

L& & e fic # (Kuan and White 1994) -

B e B 3 S R A (A g R ) A & AR E A R R - -4

AR e U @ 3T m N B £ & #£ 4 (Berry and Linoff 1997) :

Inputs Weights Outputs

X1 {) Wi

X2 . W2

I~

LI
W3

X3

Bl - -4 dd g d a2 i)

(F A4 & 4 4R > 2000)
iy~ 8 =~ (inputsunit) : R g P R IRBE A AL gL H & 5 gy H A
o - B BRI gi.gl ~»FALE A * F L (pre-processing )

HERtZT 03 12/

5
T

| H < (outputs unit) * & SRS R D AL R - PR

=
¥

oA VAN TR IR A 5 gL A UL 2R

€ (weights): % % — & Ry » #3722 H ~inip i & -
A

BAEAH SRR APF EL > FlLRRDEYAS TEEET Y

% & &Y (combination function) : #-#7% mﬁaaj rEA (X)) EES

- BE-E (V) Y= X W, o Sl - P ROP R 0 Y ARRT

i=l1
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R SR E'Jé"ﬂi%] MEH A e 7 e e
> g S8 T (transfer function): #-% & So#c s & hH - & Y1 #3% 2 ﬁig?l
DEL o B Roerde Sl i S A% chdi#ic (Sigmoid function) o

1

Sigmoid = f(x) =
g S(x) Tre=

- A SRR I F S TR A s T T e T

fehge i o (3E3RE > 2000) ©

Input layer
Weighis

Distribution
Mumber
Description Output layer

Volume

Area

L

: EHN N

: S Fa) iy A
SN

i A% e
DA

, —
f;" S

Circularity

Bl = -5 A SR

(F# % /& : Burnside » 2005)
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2.3.2 3 @A TR

B - -6 R i) b EATA SRR

(5R4=% 5 2000)

RS i SRR ALY o NEBIEREE DI ES TR &
Rt F % b e Slic 3 S Slicio BN R D Sl 1§ & BT TR
ERY o i@ Ega £ (Back-Propagation Neural Network, BPN ) %_1986 +#
¢ McClelland fr Rumelhart @ = & & £ [ & > 5 % 3 4 5 e i % 4
(Layered Feedforward Network ) » H & ¥ /7 8 /2 2 % § @i & ¥ 55 2

( Backpropagation Learning Algorithm ) » 3t & ARV R B SEi ST

e B (Sigmoid function ) °
T - EEE Y A SRR U g ML A

ko g2 EFEREEE o A DR A TR R AR ;T*‘u{it?% R

BE i 92 4

)\_
=

NI RERS S VUEDER ﬁv..‘s-g%ﬁig?]:". °

HA xR I " Sord3 82 (the gradient steepest descent method ) £
o 8 Bw L o R L St b 1 R D IR E ¥ LR T

FRE - AFVIFEREF RREA BHI:
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1. w @ FpE (Forward phase) @ #eft s 5L g #4305 — B Y * et B F
B JUIE S A (T A R R B T RS B ol ) & B
7%

FOERA W AR HE BRI SR B RR S g PR

P-4

EEv g E R AR A EL o

2. (8P (Backward phase) @ % = B E Rl g SRR A

g5 ByE (Backward Pass) & (FIL % o A

..__V

S RS S gt 28 S
g @i s BrEKE L TF gﬂ%%;‘%?&ﬁj&] SR S L

g2 e d (Weight) 12 % §i5 & 82 P enifh & (Bias) s 2818 »

.._.t

ERFLAGLE - HH BETIE B SR R R AR
el r HBh BB 2 SRR B B i s fRD I

CE

=

et TR i A ) B DT R R R

LG - BEY A% (learning cyele) » ¥R TR AF BE Y & B
FY R%kEijeaghing b (k2 2 1993) e g PFE RERDER > 15

BB FREIEA ML LER P E PR AP ATk ﬂ\ﬁ% » P E

B B EATH SRR BIAeT 0 (P F AT 0 2000) (FisA 5 1997)

Lo @S g AR Al Slcs o RERE BT

FEERR -
2. BYRRARER AR OEABLUFEZI RN HIHE L

3. w iR P
4. 7 raEfpstatd i) e
5. F RAEFR AL > YA deanfy o F E DL A0 e

6. FUERE G B RATORETT S o R
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7. TR SIS AR R L
5] 0 R AT B ek ke (e 1997)

L FYREMEIPNGFFEF L  VRBpRFEI A FREF

PRy o
PRI SURLEO)- .8 SO0 R CECIEE oy

)

LS

ad

3. BBl R4S E R i -

W

4. P&ﬁ)‘;i”-ﬁﬂ]{]&’fr}bﬁéﬁv RE e gy 4k 2 2k sivens oo

-

50 MBASIN{ATRSEERE R AR AT R TR
6. Hfzz3 25 22 F Y- Wi hitfz e

7. D EARY & ,E’rr-,ﬁd@ ');fd‘fgf_;ui[ggt, I s £ L ;_;u;[:’lg

PR G renEEr s FlP A E R N E D g o S A Bk

% ;8 4232 (Case-Based Reasoning » CBR) 7 iT &3t 4 1 FFELp 58 o7 B
ch— B4 F > B BASRAE R 1980 £ R R 0 M2 AV EA » B L T
AR P A AP EAERE P & Rk 5 (Rule-Based Expert System)  f#/4-F 4% » ©
Gl R H g PR blde D RRIE B« B E R A
AR R HRZFE RRES ST #ELEL P EREERF L a0 g AT
TSR F G 1 R ek aagkd > {1 k] (Case) MB~ R ARLR)

(Rule) » F5EF A 1 AFEAMBNEPFE - S0 L GRGLEM 2 2 4
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241 F 03 22 E

oA EEOR ML L E AN LY A E QB IATOR A
PF o LA iEH S 0B 0 3 4p i (Similarity) v ¥ 0 F RE S S
PR AR ALY S e SRS 5 R EHE S ok PR Gt i

Lo 28R IR AT S 0 2 R R BT e
H0|4E RV A AWML 5 4oB -7 B 44 i (Problem Description)

feid % %75 (Stored Solution) » FH P T A Ew § K AL 5% > 1 & 4 37enfz

/&7 ;% (Kolodner 1993) -

540 BEE
[§= ot &
Similarity
HiZE(Problem N e f5=(Stored
Description ) iput &5 Output solution )
Knowledge

B =7 Hojdds
( F#4L %R : Kolonder » 1993)
EHNHIT R 2P O AR D& G R L AH D BT A
@i%—&&lﬁgﬁw@wﬁﬁ&(Kmmm@Emmmm)%%aﬁmﬁg
(Shi and Yeh 1999) - B] = -8 #_CBR i serda k42 B = -9 ¥_CBR i sten-

fﬁ%f}l] °
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B 4 &

Previous Cases

e

— Store

T T I I L PP T TRE L L BB I e <

EE i

Describe New Case

HEEL B =40 F

Retrieve Previous Cases

o i
Adapt

" B E 2R

Test Derived Solution

BERMEE

Explain Failure

Bl - -8 CBR 4 #dtsinfe

(F# %k : Montazemi & Gupta > 1996 )




Knowledge base

Unknown case Output

.66

L]
e B
]
)

Bl --9 Z6|duI3 b iz ?‘7]}1

(F 4 % : Bumside » 2005 )

% f;nj;“a"g‘r_ﬂ’_'fr@ KPP AR B RN EEEFET 2R 3?\_"3’3_' Re %Eﬁ”q’:;‘i—’;’

o R FERIEREUE A PG TREA e £ GR35 E R

E R T i S I 1 R R3] =P AR VA (S g B T BT —‘F‘&#i%ﬁ

B~(retrieve) ~ £ & * (reuse) ~ 2 it (re vise)¥? i ¥ (retain) o

1. FAHE (retrieve) : 38 * 4p i vt $EF AR ¢ $FB{eiB 2 B Ap i1 eh

2. EAI* (reuse): iF* p ik bfEA2 2 K2 p o R 42 o

3. B (revise): 4rk B2 AP W% G| F R 2B LML A ¥ LiE
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IS SR R F

e A 0 AR B AOVH B - AT TR o FE R A R

=

LR EIRHFRL- HUE S m PR R IR o fpt AT

o+

BT AR - v}*k&v}fym‘l% 1R ARBTG5 RIS A
TR LALIENE 5 - FFARPERAREFHE PSS -4 E
AF L RN DIDTBN 5V 2 2 2 %45 5= S RE AL ATRY 5 B
CEAFIEFMF S FREP AP AP RFRP T FHOF T
Pk B R BHEAFTEBRRERAT CEDORY 0 LR FEEEH

(coding) & #Z L P F HifE o

TP g H - AR ALTEG FERT P B et - k3
FrplRm2 Emp g o Ay 8% FRTEIREFRRY 23 - A

%Jﬁam’ipiﬁf%r;?aﬂi4éfﬁwjﬁé@%%woufﬁx

B

R
=3

WBEERTA I - BT TERNERTI AL P
R L0005 2 24 BRF Fre (R SHEFEZED ) T EENTT
PR ETEBEL 2 FETEBRG BRI -G TRE

EYT 4 TER o B A kBt 3% (B2 2 0 2001) B AE IR R b2

Z koo KA 0 p 2000 Ed 0 S - A K g

W
SN
=k
i
W
T
i

4= S > . I N > L VM L >
R Sy ﬁ‘ﬁﬁ P E R I EERT TR pBREART IR SR FEF R

B EEFIRERFE TR R S E G B - BEAF I
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iR D] £ R DA R oo g X R BT o ARG B E
T S kiR BEAIPRELY T4 A TR FE - d TR

WREELZISE20E AR PnFMEAEE R E R0 o

NpEkaoPd kFoEFEDT A gii\w:g,? [T Benp AR ER LT R
B PR - TELCYF IR RS2 Re 2 TR S g B i
TORFEEL TG BR NP RG R AT s Bpz oty

BRIFL 4 epezoh > - L2 R4 @ik @iz g WuEr R4 iR

=3

BHOT A ERRRFEERFL T O RT R P AN R h o
RIFERERPPAPRAGE S F2E BEIDRRIEU Lo FI' > bd TR
FAEAGEE R R LF o AT e TR A TR AT ER
ToRrEREFAF 2L FHALSRAREDF R

R PR IERS LR CRFRE A EA T AL AEFE LA HRTFTERE
EREHMFARTA JOFZ I p U T R EF LT LR
RO TETS BRFTRAMLAB PR EARMFAL ST HT I TEFE-

& AL -

ﬁp'% 3 é ;\.—yP/F ;F#;f_g_*\_tsf}g; j(—% ’gf%‘\?, i- ‘Si/blf\]? ik@, Ji

1%

SRR N R EREE E O S IEE L RGN £ A &
FREEZZRG FEEAEREEE M AT o 21970 # A uw > 2Rk LR
AP TR BHNR Y ;\?E,ﬁ dol ABF L YT M iEEE (F
Fr5e »2002) (42 > 20001)c H s 2g> 2o B > ¢ 35 1 3-8 EAR
(econometric model) ~ PF & #c 7| 4 #7 (time series analysis) ~ 4 1 #p4¢ SH A & (3F
o 0 2002) (R % 22001) ¥ * AHEEFEDPT A f PIRRZFEZVR
dode Z-197F o — k@A 7 0 Bt LA R A ITIERIC E 0 R R IERREL A 10%
T (HEE 2 02001 )BTRS ABELSTHED TS ] ??E/F AL E 4%

T PR A 2247w o BR ST 6 TRenR AR AR A ATIRRI 2 E R i
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oA Lol HA Kikg g

FfAs - R

<

BB AL AR R A RN T R R

’?F’,‘ B

rap

)

G = U
GE S 20T T Sy
R R AR

BEA k| HAEE - © HENF AT SRR
@ o
B 71 2 Zerthd Bl T HALERF AR

HIT S

WA SR 2§ %N
o B0 fafl o

© LT p A AP
Fﬁg FFB "?t{ °

g@@ﬁﬁ»ﬁﬁ%ﬁ
B a7 & 2 2x% o

© W KT
R0 I HC
4k e F

e
Bb“; °

WA P B ¢ Rdedk
E S S

e P EIFEPIE
/FIJ o

Y s Kl
B~ HPAM T

c FEALEAR
TR e o

- BB AT
ARRE A EIMP TG R
* 8 A A BRI A 47 o

P RE o
WA TR
38 o
o FRPIPFR SR o

~

B R AR H 4 T

e * b ol o

e EH AAF R
2% % o

SRR FAlSE ARz vV | EHS A 0 T
ME A kBRI SIEE I
i VAR L | o WU R
PR AL o i1 PR
g e
ozl FrAgeaEy %Jﬁkﬁmzfiiéw@
(FR &R 5R27)
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B MTEA

Tnput; 7 - =(94).513) Obzerved Pradicted MAPE( %)
Transformations: D(1) Yalue “alue
Moeke (1.1 1) MS Bendua = 400,61
TR AR Asymm.i 7 iLower R 75 395340 38724 280
T e AR E A L R TR LA T x 2539 245 221
ohstant . ? i . | |
pl) G053 0719060 O1146% 090975 | 04%d3 04318 77 LT AEIAEE s
78 49210 499,20 1.44
EEFEEEE 79 51841 53E6.53 349
Plot of variable: MAFRE 80 55717 573.85 289
149 i 81 56041 E11.18 530
82 61156 648.51 5.04
1200 1200
83 652.14 £35.83 517
a4 589331 72316 491
1000 1000
a5 72114 760,43 546
00 00 86 78238 797,82 1.97
E a7 83049 835.14 056
ﬁ 600 600 aa8 96544 g7 2.47 0.46
g9 047 B8 909.80 4.00
400 400 an 94307 947 .12 0.10
91 1004 35 93445 198
L Z LU 92 106043 1021.78 3EB5
93 1132893 1055.10 6.52
% 2 4 & & 10 12 14 16 18 2 = 21 = 94 117648 1096.43 E.80
Case Numbers Awarage 3.41
MBS B EE AR A FEH
Fovecasts; Model:(1,1,0) Seasonal lag: 12 Farecast Lower Upper Std Err
Input: WAOMME 95.0000% | 95.0000%
2500 Stialalohsl s end st ofgle 23 _— a5 121365 117214 125616 2002
96 1250 98 1193.01 1308.95 2795
97 1286 31 1217.60 1359.02 34.10
2000 2000 98 1325 B3 124415 1407 12 3929
99 1362 96 1271.97 1453 95 4387
1500 100 100 140029 130063 1499 68 48.02
107 1437 B1 1330.10 1545.12 51.84
102 1474 94 1360.06 1589.62 56.40
1000 1000
103 151227 1330.46 1634.08 58.74
104 1549 59 142123 1677 96 £1.90
00 s 105 1566 92 1452.32 172152 £4.90
106 1624 25 1483.69 1764.81 £7.76
i & 107 1661 58 1515.30 1807 85 70.53
O T e RS0 108 169890 1647 13 186068 7318
— Observed - Forecast + I5.0000%
109 1736 23 1579.15 1893.31 7574
110 1773 56 161134 193577 7822
111 1610 88 1643.69 1375.08 50,62
112 1548 21 1676.18 202024 52.95
113 1885 54 1708.81 206227 85.22
114 1922 56 1741.55 2104.17 57.43
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SN
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PRI TR BT LU TR A ¢ B
EAMER S AL EAGER AL SR RRER A AR F RN AT
FECREIoF RFAAMET A A7 TR IR PRI RIRIERIE D
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Ra o TRBOEPRTA FPERIS S TR EHEEL RRIA RTAL D
Rk FAA X @FERGERE R R Rl FARIA R (8 Bt Y

FOER M L @ WAt 2 et R AR iR en B R e M o A
BB RS T dei KT TRAE - R S 0 R s o - B
E A BE DL FTER Y - HUEREIT ¢ RS A &
EREFAA AL GRS NG ABR L FE R oA R- HUFTRER
%mﬁﬁkﬁ’iﬁéﬁﬁﬁpf’%ﬁﬁ%?ﬂ@—ﬁ CRhue RaE
AR S Tk ek kg B ehPo et AR SN R B G

Fo e B @i B PIRRT ST RESEY R R AT S
ERE S ELEAES A S i RS ST RS R

TAEPIERTERS ORA - H BB IR OBk R F 2

JRAEEH A F7 905 B 01 % o IDTBN HGY 0 A T80 5 Rttt & 9T PR Y

=
=3
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SN

FARRT R DFIFLE RR LW B RERG BT R B R R A
H - pplenib g o Fb a0 B g P ko k R BABR chimh F oo 1T M

WP AR ZEMF IR RAL E DR -

¥ = 9 IDTBN #:3"

Wﬂ%—;wwgﬁhffFﬂﬁwﬁﬁiifﬁwﬁ?ﬂéﬁgiﬁglﬁ
R ARATR B VRRE S T L TR AT 2 R A 4T HE
EE RSN F R kA SET AT PP AR B R AL R LH
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AT T TR R o

¥
SRR S EEE Pt sEE SERUR R ok SRRENENES SURE R R S
A SRR AT RS > RIpfEE H % & (Burnside 2005) -
BBV AT AR N R A~k f;.,*},g;_/ﬁ:ﬁgj AR AR B oehdt &

Bl A AT AREIEE R > 3T Rl B v FAAATHCA] > Blde B X e

B

B N B B RATT AL » P RSB E A E o (AR L

e

BlFidasms 5 HadEh AR H RS KEEF R AR TS U B SRR
R osend> v Mg chE H e R AT T & b “,f B EROEXNR L

FriE o~ ARG 0 F P& B AR 4] 2% & (Burnside 2005) o

AR CLRERAPEOYL RS D T o0 RERE BRI PNIEHRE ] F RS

FE&PF

IR 4 seehik 4] 7B 4% (Janssens, Wets et al. 2006) © AF7 % 7 % )

\‘—v:

IDTBN #i-7¢ (Integrated Decision Tree and Bayesian Network ) » & HARR 4o

Lo %R B OT R Ll H PR DR AIL  blde T & pranT
Ty B TR AT o CAS AR B A A

& H

13\\-

ET AN A R PREERE . TTRELFRE RS &
2. WA A SEEFEDR TR AT EFMET RS- RERS 5 F
PR AR G R E S A RBEA AT R R BT -

30 o AR RATRRMAE R A BIRATR A L B At PR S R R

WA L erdp B A 3 B e TR R FRT kel SR AT B L

%’93

PROESNSEL AL H A [ Sotae e

4. ix - %537;?11,:4\%?; BliEF R RN ER mﬁ—ﬁ‘;, &d 288 Y (parameter
learning ) iz #3 KT LY a0 A K TN T @ IERR {

BRI PELEL NRERBEM GITET DL R o
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SRR TERATIY L S B s o A W >3.67 ~ 3.46-3.67 ~ 3.25-3.46 2 <325 £

BEEFT R

Weka ( Waikato Environment for Knowledge Analysis ) #_d %= & §F 17 Waikato
CEBEE YR BETEE N R A o £ R GE Y el A 4 TR
FrE o Java ERFTRHFNIAET oo REIRATER AE ) Y
e Java Bt #8842 o Weka ¢ 707 - B EF Y 2 5 5 * o1 2 & > b4 data
pre-processing ~ classification ~ regression ~ clustering - association rules > 14 %
visualization & % o 11 T eh & 57 7 AR 38 WEKA 22 it 9o 7 and- {2

AR gl 2879 5% -
¥ = Hoa ¥ ﬁn“f_;}-%*ﬁ‘_

5B AT Y 2xE 0 7 514 Precision y Recall ~ Accuracy £ F-measure % i€
R dg ke & w-3 3 confusion matrix & f B 7 * LA % F FLE A SEE & AT
i hd fica # - £.d true positive ~ true negative ~ false positive fr false negative

T e o iR 2 HFE g A Ao T

TR
El E2
AR~
El tp (true positive) fp (false positive)
E2 fn (false negative) tn (true negative)

% w -3 confusion matrix = %, [

»  True positive rate : TP-rate = b, Adp PR AL L FE etk A #ic
tp+ fn
Bt % s ¥ Recall B & o
>  False positive rate : FP-rate :fl DR AP R A A BT P R A
/D +itn
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T A RS TR

»  Precision (& #£% ) : Precision = ip » AL RS E L El e
i+ Jp

# o @l Bl ehFOR T ot oo

> Recall (7% % ):Recall =— P » %495 El chipe - 4k
tp+ fn

85 Bl ehFopl 2o & o

» Accuracy ( ®F£ ¥ ) Accuracy -
tp+ fp+ fu+itn
»  F-measure — 2 _ 2x Recall x Precision
1 1 Recall + Precision

J’_
Recall Precision

fe— 4L a2 T Precision §? Recall 75 Ak v B % > T3 < Precision
2= Recall,iﬁg"f oo F 2R e BN T RS ina BRpl R EcE ,Tk’ﬁ 7 RT R

¥ & F-measure > A7 F 753 {o-T 9%

FD AR S

!

3% WEKA # 52 J48 % 5 2 ki = AKX icd]) > A 8 L824 A48

Bl bl 2 (6% 3 AR BN ER LB I XI3 AT TG

TEETHIELES | L R%E FEXIXI128 X17 555R %8 i REL
MFL e Bg I Fa S 0 #% 2 Cross-validation ( % =t % ® Fg3ufic;t ) Folds = 10 %k 5%
AU E R ML R EA S R ol e S EAIR LS

weka.classifiers.trees.J48 -C 0.25-M 2 » %#ki &% H %X T4cd w4 977 o
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Test options
() Use tradning et
(2 Bupplied test et
(%) Cross-validation  Folds |10
() Percentage split

I More options... I

Bl =-1 WEKA * R etk @

S L4 $HciE
confidence Factor 0.25
BEARMB Y NSO REg | ABTRAAS
minNumObj 2
% BE SIS 7 3 2 instance F P
numFolds 3
A g T A R A fold #ik > H AP R uaE
A M

True

subtreeRaising

A2 - WORPF 2 F % & subtree raising operation

=

% w-4 WEKA J48 i+ p2. $-¥ck %
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weka.gui.GenericObjectEditor

weka classifiers trees J48
Ahont
Class for generating & pruned ar unpruned 4. M owe
binaryiiplits | False ™
confidenceFactor (025
debug | False |
minkumObi |2
mmFolds |3
reduced ExrorProning False v|
savelnstnceData | False |V|
sed |1
subtreeRadsing | True |v|
unproned | Fals |vJ
vslaplace | Falw =v|
Cipem... I [ SANE... ] l QK ] [ Cancel J

Bl -2 WEKAJ48 %#ck &4 &
Correctly Classified Instances + 135 4> & g %78 % 5 91.2162 % Incorrectly
Classified Instances £ 13 % » & 545385 5 8.7838 % o & * WEKA J48 /¥ & i #7
222 AR 4o B w3 41T o @ A KRS R PR 4 1R confusion matrix 3%

Li& 2584 w60
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B
(-O =
B =-3 WEKA J48 i+ § #Hc)

TP Rate FP Rate Precision Recall F-Measure Class

1 0.007 0.833 1 0.909 a=<3.25

0.9 0.028 0.923 09 1 0911 b=3.25-3.46
0.956 0.155 0.905 0.956 '|0.93 " c=3.46-3.67

0.615 0 1 0.615 0.762 d=>3.67

4 w-5 WEKAJ48 2 #7% 8 4 1

a b C d
5 0 1 0
0 36 3 0
0 4 86 5
0 0 0 8

% w-6 WEKA J48 2z confusion matrix
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# * WEKA # &2 BayesNet ;% & ;2 112 > P X R eanficd] o k2 X13' 7«

TR * FEETHIES | RS $HEXIXI122 X17 550 %k %

()

#c7|k 25 BayesNet -D -Q weka.classifiers.bayes.net.search.local.K2 -- -P 3 -S
BAYES -E weka.classifiers.bayes.net.estimate.SimpleEstimator -- -A 0.5 » $-#c g, &

EEE ECER S S

S A $HiE

estimator: SimpleEstimator Alpha: 0.5

11 data 3 EE TR 22 R AR
B anix 48 5 4 (conditional
probability tables) e Alpha & ¥ 4R %

TE B B2 4 asE e

initAsNaiveBayes True

* 113 7 structure learning (4~ 45

4 B % A Naive Bayes Network -

maxNrOfParents 3

®EL AR GELE T BT

0B Q &gk o 474 5 Naive
Bayes * maxNrOfParents 3% #_5 1
F > ¢ 2 = Naive Bayes classifier.
¥ maxNrOfParents % 5 2> #-iE =
Tree Augmented Bayes Network
(TAN); % maxNrOfParents % Z_=

*+ 2 Ppliz = Bayes Net Augmented
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Bayes Network (BAN) o

scoreType BAYES

AT ERY A AT ERRR
ﬁém‘_—‘;%‘r > 5 Bayes ~ BDeu -
Minimum  Description  Length
(MDL) -~ Akaike Information
Criterion (AIC)fr Entropy ¥ ¥

# o

% w-7 WEKA BayesNet [ "< 5% 2 280k 7

weka.gui.GenericObjectEditor

weka clasifiers bayes Bayvesiet
A homt
Bayes Metwork learning using various search algorithms I owe
and guality measures.
EIFFile |
debmz | False ™

estimator | Choose | SimpleEstimetor -4 0.5
searchilzorithm 2K2 -P2-3 BAVES

nsefDTree | Fale ™

[ CIpem. .. ] l Sane.. J [ QK ] I Cancel I

Bl = -4 WEKA BayesNet %#c& 74 o
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weka.gui.GenericObjectEditor

weka clasifiers bayes net estimate SimpleEstimator
A homt

SimpleEstimator is used for estimating the conditional ore
probahbility tables of a Baves network once the structure has
been learned.

slpha (0.5

Cpei... ] [ Save.. I |_ QK I l Cancel

Bl = -5 WEKA BayesNet Simple Estimator % #c% T_/

weka.gui.GenericObjectEditor

weka clasifiers bayes net search local K2
A homt

This Bayes MHetwaork learning algarithm wses a hill climbing ore
algarithim restricted by an arder on the variahles.
nith s adveBayes .Tl'IJ.E |v[
markovBlanketClassifier | False e

mad{rOfParents |2

randomOrder | Fal= Iv]
soreType  BAYES [+
Cpei... I [ Save... ] l QK ] l Cancel J

B = -6 WEKA BayesNet search algorithm @ K2 %#ck @4 &

Correctly Classified Instances + 136 4> & #g & 77 5 % 91.8919 % Incorrectly

Classified Instances £ 12 & » & #4585 5 8.1081 % - i# * WEKA BayesNet /&

Bk erd s 2 B A RBHCA]  deB) w7 SPm o 4 A S % R 47 B2 confusion

|4

matrix 3L % = -88 4 » 9o
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X13

X0 Xl X0
X4.1
xl7
Bl = -7 WEKABayesNet B < #5407
TP Rate FP Rate Precision " Recall F-Measure Class
1 0 1 1 1 <3.25
0.85 0.028 0.919 0.85 0.883 3.25-3.46
0.956 0.19 0.887 0.956 0.92 3.46-3.67
0.615 0.007 0.889 0.615 0.727 >3.67

# = -8 WEKA BayesNet 4 #f & % 7 45 1

a b C d
a 5 0 0 0
b 0 34 3 0
c 0 6 86 5
d 0 0 1 8

% -9 WEKA BayesNet 2. confusion matrix
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RE GG TR REFL A eRE: > HBET R B LM G
B R AR S A LS AT AR 28 R e ST
IDTBN =2 > $BAFSHNA S > AuliE = | i Ba @ L Rk

BE Ll & -

7 &IDTBN = 2 B+ % %

[pa

oSN AR RFBUPA AR EMANAS LA L T
TRFCLMLBLEZBA T ALA TR RN AT AR =L (&
MAAdA F - M FRAERI AT B D H) Aol B8 AT o F AU Ak
L Bz H R H - L RS Rk R AR R S R

gL LA R LRt acs bR

Bow -8 AR A A T

e

- FFRFHELEL T5L 0 A8 % © Correctly Classified Instances - 63

¥ AR EEF L 84% ;5 Incorrectly Classified Instances £ 12 & » A #4835 4
16% - i# * WEKA BayesNet ;% & ;2 #7122 > 2_ | SR 4] > 4oB] = -9 9757 o @

&3S % g 4p 1R confusion matrix ¥ A& 2 -10# 4 w-11 -




pglly pARy PN
\\
X3 X537
Bl = -9 WEKA BayesNet [ = 42 7] @ & % -

TP Rate FP Rate Precision Recall F-Measure Class
0 0 0 0 10 <3.25
0.84 0.06 0.875 0.84 10.857 3.25-3.46
0.919 0.237 0.791 0.919 0.85 3.46-3.67
0.615 0 1 0.615 0.762 >3.67

d 3RS M B - Zﬁﬁ’}:’?a‘ii}"]",f%?i#a‘;&#ﬁ:i'] PR A SR SRR

# =-10 WEKA BayesNet 4 #1.% % #€ 4p1% * » 4 -

a b C d
a 0 0 0 0
b 0 21 3 0
c 0 4 34 5
d 0 0 0 8
% w-11 WEKA BayesNet 2z confusion matrix @ 4 #f —

S

g o)
B E
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1 DR RS L 98.4375 % ; Incorrectly Classified Instances £ 1 3 > & #4538
5 15625 % ; ¥ Avyt (i < g Fag g o @ % WEKA BayesNet iff & i #72&

22 P RN ERH] o AcB] w10 A7 o @ A SRS % TR 35 1R confusion matrix

W0t w-284 v-13-

Wi FiERERETIAESR

A2 Rl RN ARl BARN RA X3
a8 S @ BEE E X B 5
¥ | 3 nasm 7 -
P o @ |g o= = 7
e HE ¥R E % D o @ i D
= 5 B # 1S 7
il S & i
B 3
= v om oy
1 G e -
oy é{ﬁm s B o B X8 ?{,} o o
= @ B = 7 S W@
B w o %
an o L
0 W o =
m
+4
Bl =-10 WEKA BayesNet P = i3 !—i‘,érf@ééi—%i}ﬂiln\ﬁ.—
TP Rate FP Rate Precision Recall F-Measure Class
0 0 0 0 0 <3.25
1 0.023 0.955 1 0.977 3.25-3.46
0.971 0 1 0.971 0.986 3.46-3.67
1 0 1 1 1 >3.67

% w-12 WEKA BayesNet 4 #f.% % %}F—E‘_a‘ﬁﬁ,— 3 ‘ér‘ﬁ;—;f—? FLz_ A p—
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FoNATHELELTSE A

>

\ulu

a b C d
a 0 0 0 0
b 0 21 1 0
C 0 0 34 0
d 0 0 0 8

% w-13 WEKA BayesNet 2_ confusion matrix : & ‘érf BRET A2 A -

‘.’Av\ﬁ-ﬁ—'g

sk 4L
BRSE

% I Correctly Classified Instances + 73

% 100 %- i * WEKA BayesNet ;& & j# #72& = 2 P < 47 o

YRl v -1l A7 o @ A R % TR dpiRE confusion matrix R A w-14 &4

7 -15 -

FIEREILd00 @

o
|

B AHITHNsa

WO FE

Xl

ko

I RE

HEEEIER B
B S 2
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WEKA BayesNet . = i #77)] ¢
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TP Rate FP Rate Precision Recall F-Measure Class
1 0 1 1 1 <3.25
1 0 1 1 1 3.25-3.46
1 0 1 1 1 3.46-3.67
0 0 0 0 0 >3.67

# = -14 WEKA BayesNet 4" #f .5 % fir g g 1f * 4 47 =

a b C d
a 5 0 0 0
b 0 15 0 0
c 0 0 53 0
d 0 0 0 0

% w-15 WEKA BayesNet 2. confusion matrix @ 4 #f =

d %%V o A 4k 2 IDTBN = 520 5 fgd e = e 5
ﬁl“fhﬁwiwﬁws PR TR S X 0 R £ R M

BHco B NRREDEFN L e AT LR AL (P EETE

|

hihy RFRATEAL ) F ARG R AR A RS BT RS 2
M FERE D 2R LR ha oo A FAR PR EF RS F- LR

BX3* T EAETELEL Sk 2 A Bl ZENEARTERIALARS

B SR CIERETEM A TS L EH S AR SRR AR T RG
FR2yri® TRk JF Fo kg BADLFHFARGEHRS L frR 48

>,
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THTABFR PRk E 2 SRR ETE R A kE T G
P A EPHERNPTE d BAFFR LS Bk pErE 2 40 X137
RRETHLEF 2 Fork > f4p - B REEHRSEFRLF 0 BERP
SR R R O IR AR S PRS- E IR EaEXI3TTRALFE Y
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