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ABSTRACT

This research presents electric usage classification based on AMR data for solving the
problem about outdated customer class. This study proposes how to find the attributes for
identifying users according to the customer class. The attributes are used by Naive Bayes and
Neural Networks algorithms. Rapid Miner studio is used as an analysis tool. It can be noted from
the results that Naive Bayes and Neural network have classification accuracies at 81.25 and 87.5
percentages respectively. From the result, the electric providers such as Provincial Electricity
Authority (PEA) and Metropolitan Electricity Authority (MEA) are able to allocate electricity
service models to suiting each type of business. It can be also used to analyze the energy
consumption behavior of consumers that are not in line with the type of business which leads to

the detection of tampering.
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X = {Ay, Ay, ., Ag} Ve ddnydnusin P(Ay, Ay, ..., Ap|V))
P(Ay, Ay, .., An|V}) =TT, P(AilV)) 2.7)

v v
Tagh [] vunedewaguvesn P(A;|V;) anua i = 1,2,3,..,0 408 j = 1,2,3,..n

Vf) =
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widwdiadlumatialumsuddymunuiidasu (Supervised Learning) fia1unsn
s v A Yy A P v o " o A P,
MaMIaiNaaNs Az U laal1on1s AT IzHaNNFUNUT TerIdl e 141
msaFetou lvanuhaztudmdunaazanudunusasaums
P(X,, X, X, [C)= P(X,|C)-P(X,|C)---P(X,|C) (2.9
A 1 < L = [ A 1 4 %JJ A [ 4
taziianagauednNyiIz g sl lalinunndn 3deI g iuABHAA NS
voaudWIIsaIo AN
[P(x, [c)---P(x, [c)IP(CDPtx, | c)--- P(x, | c)]P(c) (2.10)
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M7 2.1 Llﬁﬂﬂﬁﬂ%}ﬂyjaﬂlﬂﬂﬁﬂTWGTﬂWﬁ

No | outlook | temperature | humidity | windy play
1 sunny hot high FALSE no
2 sunny hot high TRUE no
3 | overcast hot high FALSE | yes
4 rainy mild high FALSE | yes
5 rainy cool normal | FALSE | yes
6 rainy cool normal | TRUE no
7 | overcast cool normal | TRUE yes
8 sunny mild high FALSE no
9 sunny mild normal | FALSE | yes
10 | rainy mild normal | FALSE | yes
11 | sunny mild normal | TRUE yes
12 | overcast mild high TRUE yes
13 | overcast hot normal | FALSE | yes
14 | rainy mild high TRUE no

19
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A Y 2 "
N1 9N 2.2 Llﬁﬂﬂwaﬂﬁﬁﬁ\iuiﬂ‘wmEJI?JL@]E]

outlook temperature humidity windy play
yes no yes no yes no yes no yes no
Sunny 2 3 Hot 7 2 High 3 4 FALSE ¢ 2 9 5

Overcast 4 0 Mild 4 2 Normal ¢ 1 TRUE 3 3

Rainy 3 2 Cool 3 1

Sunny 2/9 3/9 | Hot 2/9 2/5 | High 3/9 4/5 | FALSE 6/9 2/5 9/14 5/14
Overcast 4/9 0/5 | Mild 4/9 2/5 | Normal 6/9 1/5 | TRUE 3/9 3/5

Rainy 3/9 2/5 | Cool 3/9 1/5

Y I AA A é’ 4 1 1 ~ Y ° 1 1 a
mﬂmﬁnuﬁﬂﬂﬁmummamLﬂﬂmummm@gmimgmazmu1/11%114m’5mmmmzmumuuﬁ

9 ] 9
%30 13 9NA298191UIN Data set NIVUALAAI outlook=sunny (30 play=yes A3
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P(outlook = sunny|play = yes) = 5
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P(play = yes) = 1z
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[P[yes|E] = P[outlook = sunny|yes]| X P[temperature = cool|yes]

. . . Plyes]
X Plhumidity = high|yes] X P[windy = TRUE|yes] X PE]
2,3.,3.3,9
_9%9%9%9%1z
PIE]
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Likelihood of two class
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For “yes” =2/9 * 3/9 * 3/9 * 3/9 * 9/14 = 0.0053

For “no” = 3/5 * 1/5 * 4/5 * 3/5 * 5/14 = 0.0206
Conversion into a probability by normalization

P(“yes”) = 0.0053/ (0.0053+0.0206) = 0.205

P(*no”) = 0.0206/ (0.0053+0.0206) = 0.795

[ o < 1 . o
FanaldanundviudTuaatiadu azminld1 Ploutlook = overcastiplay = no) = 0/5 #4911

a 4 1 4 v A [ FY a {
Iinatayr el P(“no”) tesainraanin lavemny o ensoud ity lagldmaiian

1 &£ & 7
FeNN “smoothing technique” il ludsms smoothing technique Hufo Laplace estimation

3+ up:
P(outlook = lay = = —
(outloo sunny|play = no) 514
0 + up,
P(outlook = tlplay = =12
(outloo overcast|play = no) 5+
2+ ups
P(outlook = rai lay = =—
(outloo rainy|play = no) 5+

9
v

Taed p, +p,+p, = 1.0 oz M laimsmmuaa Iddoyananuaiinsnsznenuumnu

4

ala p,=p,=p,=1/3

3+u/3 3+3/3 4

P(outlook = sunny|play = no) = 5+ 543 8

O+up, 0+3/3 1
5+u 5+3 8

P(outlook = overcast|play = no) =

2+pups 2+3/3 3
5+u 5+3 8

P(outlook = rainy|play = no) =
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Input Layer Hidden Layer 1 Hidden Layer 2 Output Layer

mwil 2.5 Tassiemaaedoyanuy lidoundy (Feedforward Network)

nn: https://coladev.com/machine-learning/neural-network/2017/02/22/neural-network-basic

v ' 9 Y @ <3

Tnseurensaatoyanudounay (Feedback  Network) tiudniiaonssu
A o Y T P Y 9 ¥ ) g
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o )

Input nodes  Output nodes
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Pred. office 2 5 22 0 75.86%
Pred. residence 3 1 0 23 85.19%
Class recall 64.00% 68.00% 88.00% 92.00%

A A 9y g ) ° o =
ﬂ’)ﬁJﬂﬁWﬂLﬂﬁ@uﬂJ@QWﬁﬂ"li‘ﬂﬂﬁf’)‘ﬂINL@ﬁVIﬁiNﬂ'QﬂﬂjﬂﬂJﬂMvﬁﬁTﬁiﬂPjﬂﬁﬂu

< Y o A ¥ 9 ) o o = ..
%3L‘ﬁullﬂ'l'l‘ﬁa\1‘Uﬁ]ﬂ?iﬂﬂﬁﬂﬂiulﬂaWﬁﬁ?\iﬂ?ﬂﬂﬂﬂl@l&ﬁﬁWﬁiUPjﬂﬁﬂu (Trammg set)

4 { { 4 o [ 1
areoudrudids 1nanuneanse (accuracy) N3oeaz 78 uaziiloti luaadinalu 14l
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mstuundeyadmiunaaeu (Testing set) 11U 64 310 WuNIRwanNUNensINiooaz

81.25

/ { o . 4
M3190 4.3 ANUNGIATIVEINMITIUNYATOYANATOY (Testing set) AIGUIDWIVE

Accuracy: 81.25%

True True True True Class
hospital industry office residence precision
Pred. hospital 13 1 1 1 81.25%
Pred. industry 2 11 2 1 68.75%
Pred. office 2 1 19 0 86.36%
Pred. residence 0 1 0 9 90.00%
Class recall 76.47% 78.57% 86.36% 81.82%

Y 4 [ . 4
M3197 4.4 mnmmmﬂﬁamjmmimuuﬂ%ﬂ%’agamﬁau (Testing set) A28U1DY1LE

Classification error: 18.75%

True True True True Class
hospital industry office residence precision
Pred. hospital 13 1 1 1 81.25%
Pred. industry 2 11 2 1 68.75%
Pred. office 2 1 19 0 86.36%
Pred. residence 0 1 0 9 90.00%
Class recall 76.47% 78.57% 86.36% 81.82%
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{ A v & ad '
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ﬂ’J'llIL‘ﬁENG]?\TLlﬂ$ﬁ1ﬂ31Nﬂa1ﬂLﬂﬁﬂu1€]}ﬁlﬂu

M15199 4.5

P a o < ad
(Training set) fetinsainnga

Y
=

~ A Y g D o o =
ﬂ’)'liJWlfJ\iﬂﬁ\‘l"U@\‘]Waﬂ']i“lflﬂﬁ’f)‘UIiJLﬂﬁ‘VIﬁﬁ'Nﬂ?ﬂ%ﬂﬂlﬂhﬁﬁﬁ?ﬁﬁﬂﬂﬂﬁ@u

Accuracy: 75.00% +/- 13.60% (mikro: 75.00%)
True True True True Class
industry hospital office residence precision
Pred. industry 14 3 0 3 70.00%
Pred. hospital 3 20 5 1 68.97%
Pred. office 1 2 20 0 86.96%
Pred. residence 7 0 0 21 75.00%
Class recall 56.00% 80.00% 80.00% 84.00%

M3 4.6 ANuAIANABUVBINANIINATeY TuAaid3 1R yateyad s udnaey

.. 9 Y a o < ad
(Training set) AYAYUITAIUALITA

Classification error: 25.00% +/- 13.61% (mikro: 25.00%)
True True True True Class
industry hospital office residence precision
Pred. industry 14 3 0 3 70.00%
Pred. hospital 3 20 5 1 68.97%
Pred. office 1 2 20 0 86.96%
Pred. residence 7 0 0 21 75.00%
Class recall 56.00% 80.00% 80.00% 84.00%
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< Y o A Yy 9 9 0w L. Y a o
wiriu ldnuasnnminadeu Tueanad wareyadoyad 1S uaoU (Training set) A2811758
<3 ad 1 1 4 o [ 1
Wa3saudd 1¥nanuneans (accuracy) Nivvaz 75 waziioiiluaadinaidlllslu

mstuundeyadmSuNaaey (Testing set) 311U 64 318 WuN IRwanUNensINsooaz

87.50

v ] o . A o I ad
mawﬁ 4.7 ﬂ’JTiJL“I?IfJ\WIi\‘l‘U@Qﬂ"l'i%"ll!,uﬂc]qfﬂalsl}’f)yjﬁﬂﬂﬁﬂﬂ (Testing set) ﬁ}lﬂuﬂimumﬂﬁﬂ

Accuracy: 87.50%
True True True True Class
hospital industry office residence precision
Pred. hospital 14 0 1 0 93.33%
Pred. industry 2 11 0 0 84.62%
Pred. office 1 1 21 1 87.50%
Pred. residence 0 2 0 10 83.33%
Class recall 82.35% 78.57% 95.45% 90.91%

v ! R . a o I ad
ﬂ1§1\3ﬁ 4.8 ﬂ'ﬂllﬂa1@&?\5@11!"1]6\1ﬂ1i%1lluﬂ6§ﬂﬂj}ﬂﬂg’aﬂﬂﬁﬂﬂ (Testlng set) ﬁ)ﬁ]ﬂu’liﬁluﬁl’liﬂ

Classification error: 12.50%
True True True True Class
hospital industry office residence precision
Pred. hospital 14 0 1 0 93.33%
Pred. industry 2 11 0 0 84.62%
Pred. office 1 1 21 1 87.50%
Pred. residence 0 2 0 10 83.33%
Class recall 82.35% 78.57% 95.45% 90.91%
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1911
1.1 15210 130 Class voud 19 1 Hhuaayaie 1 vua Attribute Name 1314 Class
79U Attribute Type Lag Attribute Special Role Tiamuailu Polynominal i8¢ Label

Y
AUBIAL A9

Wl Modify Attribute: CLASS ¥

Attribute Name: cLASS

Attribute Type: polynominal v

Attribute Special Role: label v
Qfﬁ.pply xgancel

[

1.2 dnuuzilizd (Attribute) 1FHHMUA Attribute Name @401 UA 89U Attribute

o < o w v o '
Type tiag Attribute Special Role T¥mvuai)u Real uay Regular 91021AU ANAIBDYIN

Wl Modify Attribute: LEW1 X

Attribute Mame: LFAA

Attribute Type: | real v

Attribute Special Role: | regular v
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Lll@ﬂ1ﬂuﬂ‘ﬂuﬂﬂl@ﬂﬂl@yja‘ﬂ\TVillﬂLiﬂﬂiﬂﬂlla]ﬁ]gllﬂwaaW‘ﬁﬂﬂﬂ'lW

Data Editor
i B S BE & Case sensitve |4
R CLASS LFW1 LFW2 LFW3 LFw4 LFW5 LFWE LFW7 LFwa
No. {polynominal) {real} (real) (real) (real) {real) (real) (real) (real)
label regular regular regular regular regular regular regular regular

1 ind 0.258 0.254 0.283 0.282 0.267 0.240 0.2v2 n262 | *
2 ind 0.321 0312 0.324 0.330 0.315 0.308 0.301 0.300

3 ind 0.450 0.497 0.441 0.540 0.507 0.529 0.549 0.547

4 ind 0.592 0.614 0.634 0.857 0.633 0.594 0.577 0.599

5 ind 0.367 0.321 0.371 0.403 0.408 0.395 0.352 0.424

6 ind 0.431 0.429 0.437 0.462 0.456 0.454 0.442 0.437

7 ind 0.256 0.248 0.262 0.274 0.293 0.270 0.268 0.286

8 ind 0.359 0.357 0.331 0.421 0.318 0.249 0.265 0.408

9 ind 0.553 0.499 0.497 0.475 0.498 0.405 0.403 0.409

10 ind 0.292 0.278 0277 0.298 0.274 0281 0.277 0.288

1" ind 0.355 0.300 0.405 0.409 0.405 0.358 0.423 0.421
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(3) Cross Validation 1111 operator @115 Un1)5E@NTMNNITTUUNVDIYA
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linadounudeyanaao (Testing set) o Iatlsza@nsnn

Anaou Tagiaen

100% 0 2 2

Performance (2)

rmod

uril

v

lab % per

exa

A J 1
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MeansaazmaNuaaIanaou |

% PerformanceVector (Performance)
riterion @ Table View
accuracy

classification error

Plaot View

v

Yo A

12

JU

accuracy: 78.00% +/- 17.78% (mikro: 78.00%)

pred. ind
pred. hos
pred. off

pred. res

class recall

true ind

16

4

2

3

64.00%

true hos

A ExamplzSet (/Local Repository TESTSET)

true off

88.00%

frue res

1

1

0

23

92.00%

class precision
34.21%
68.00%
75.86%

85.19%



% PerformanceVector (Performance) A ExampleSet (#Local Repository/TESTSET)

Criterion ® Table View () PlotView

accuracy

classification error
classification_error: 22.00% +/- 17.78% (mikro: 22.00%)

true ind true hos true off
pred. ind 16 2 0
pred. hos 4 17 3
pred. off 2 5 22
pred. res 3 1 0
class recall 64.00% 58.00% 88.00%

] Y1 o A Yy oy
i]zlfﬂ‘Llllﬂ’JTVTa\‘1i]1ﬂﬂ1i%ﬂﬁ®ﬂ1ﬂlﬂaﬂﬁi1\1ﬂ38“§ﬂ
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frue res class precision
1 34.21%
1 G8.00%
0 T5.86%
23 85.19%
92.00%
9 ) [
Yoyad IMTUNnaou

U

. . Y < Y Y { {y a 1
(Training set) A28Y wowduar lnannunesnsa (accuracy) fovaz 78 1NAMIAY

4 { 9 § o ' ] o ) o o
ﬂﬁ1mﬂ§’0‘u (error) ﬁiﬁ]ﬂag 22 uamﬁauﬂm@amﬂanllﬂalf’nalumimuuﬂmayjammu

. o 1 Y { '9} a 1
NATDY (Testing set) NUIU 64 318 nuNTiwanuNeIns (accuracy) N5o0az 81.25 NAAN

A Ay
ANUAAIAAADU (error) NIDIAL 18.75

% PerformanceVector (Performance (2))

@) Table View Plot View

accuracy: 81.25%

true hos true ind true off true res
pred. hos 13 1 1 1
pred. ind 2 11 2 1
pred. off 2 1 19 0
pred. res 0 1 0 9
class recall T6.47% 78.57% 86.36% 81.82%

% PerformanceVector (Performance (2))

@) Table View Plot View

classification_error: 18.75%

true hos true ind true off true res
pred. hos 13 1 1 1
pred. ind 2 11 2 1
pred. off 2 1 18 0
pred. res 0 1 0 9

class recall 76.47% 78.57% 86.36% 81.82%

class precision
81.25%
68.75%
86.36%

90.00%

class precision
81.25%
68.75%
86.36%

90.00%
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1 A 1 A P Ay
mmmmmmmaxmmmﬂmmﬂaau"lﬂmu

9% PerformanceVector (Performance)

Criterion

®) Table View Plot View

accuracy

classification error
accuracy: 75.00% +/- 13.60% (mikro: 75.00%)

frue ind frue hos
pred. ind 14 3
pred. hos 3 20
pred. off 1 %
pred. res 7 0
class recall 56.00% 80.00%
% PerformanceVector (Performance)
Ellerior ® Table View () PlotView
accuracy

classification error
classification_error: 25.00% +/- 13.60% (mikro: 25.00%)

true ind true hos
pred. ind 14 3
pred. hos 3 20
pred. off 1 2
pred. res 7 0
class recall 56.00% 80.00%

Al ExampleSet (Local RepositoryTESTSET)

true off frue res
0 3

5 1

20 0

0 21
80.00% 84.00%

[ ExampleSet [/Local Repository TESTSET)

true off true res
0 3
5 1
20 0
0 21
80.00% 84.00%

class precision
70.00%
68.97%
86.96%

75.00%

class precision
70.00%
68.97%
86.96%

75.00%

< Y o A v v Y 0w L
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@ Table View Flot View

accuracy: 87.50%
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@) Table View Plot View

classification_error: 12.50%
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