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Abstract This paper introduces two different techniques for dealing with incomplete data and
algorithms for learning this data. The first method is to process the incomplete data by assigning the
missing value with equal probability that the missing variable can have, and learn this data with the
SVM. This technique ensures that the higher the frequency of missing for any variable, the higher the
entropy so that it is not selected in the decision tree. This method is characterized by ignoring all
remaining information in the missing variable and assigning a new value. On the other hand, the new
method is to calculate the entropy probability from the remaining information except the missing value
and use it as an estimate of the missing variable. In other words, using a lot of information that is not
lost from incomplete learning data to recover some missing information and learn using deep learning.
These two methods measure performance by selecting one variable in turn from the training data and
iteratively comparing the results of different measurements with varying proportions of data lost in the

variable.

Key Words : SVM, Entropy, UChoo, Extended data expression, Incomplete data, Deep learning

*Corresponding Author : Jong Chan Lee(jclee@chungwoon.ac.kr)
Received December 9, 2019 Revised  January 3, 2020
Accepted March 20, 2020 Published March 28, 2020



&4 (missing) H47F ZFE ] Gl HolEE £ =

22 E¢%Hincomplete)dt HlolE| 2t o3It o] &
%‘r%ie} tlolg Az EAIE o= A9 AAY FEE A
Bok= FHIFEA oA A5 LAk, olE A
St AT w2 AEEE 7= £F 29S et
7] QIste] oL FQa3t oulE ZH=rH12].

£ =7oAE dlold Sl 99 HAEolA ¥4 gt
of &alo] AT A5 ol 2714 WS ARbgith
to]E o] 4lo] WISt F9- ARgsH LREAQl 7|HS
£AX7E 29k TS FASkL AEohs Wit of
2] 45 o8l SHXE A1 Aok e
2 WHroldt B =RolAE $A] &k e
2427} 23HE AA GRS SR04 AT AL
o] JFEE BFHE JEES BF glojHE]7] giE: 01
t}. 55| 85 dlolg Sl &4 I =7} Eol 23
g JHo] 42 ‘ﬂ°H g0l Ackt TS Ul><17ﬂ
FstlolE 25E tjEo] £AlE]
| £4E IR JEE B
EHo= 2714 BPiS AQkstal

o= Hluetth 27K A ek B

dlole] 4 7|HE o8l F5HolHE Wt o
AZ T2 ZE FES ol &4 FES Aot I8
A2 o2 g8E2l SVM(Support Vector Machine)
7} 92d(Deep Learning)& ol-8af s53t & 1 At
£S5 v 2ot

tlole &4 71 WA £AE W AlQotal &
A7) gk MSES 9-3-9digo S
A REE vtk 479 7154 3 Fofgith. o] 7154
£ AA dlole] JgolA o= BT IR
E77F 7iQlste] 5] Fa%t oulg Rojstua &
g o]g wtYsto] shgo] 7heolESE SfErh EdH
AdaBoost €a1E|&3} o] g0l whEt o2 S5 |
o] J3& M¥ol= LaeFolME F-E8oHA 2Y +
At 7152t o] ‘:‘JE’QE C4.59} o] dEZTE 7]Hto.

2 k= gEE3-510] &4 dlojHE s F-8sto]
2 s AES %b:} dloje 2 7S Agst &
AAE H4LES oF S 5ol EE e s wdkd
o AR, AAE H49] 7H e (cardinality) § ©1&
o 53 TE S ok olF &4 Bl AY de

f

d
rl

o}, olgA] &4 W] FER %k% el S, £4
Zro] Wol EE WeYSE e} ZUlkE E}

£ A=t} C4.59 UChoo 516-1012 Zt Wit <l
EZNE 3 03, o] JEE 013 s ZHEHE +4
3 7eH7). webd olE diEEoAE &4 HEELS
9] o] B =R A EE} =4, SAE Wl A
SAAEA] G2 YA HEE 7M1 ES %LBH 24
H 2 AY7e Bloltt. orlA FE2 JERTE
719t g ArzHrt. o] WS gt o) 011_:?—_:4%

Ao 314 ke AaelEolq BT HolEg A
eJsi7]ol Mgt

2. HiZ

2.1 FLDFE At&3t= SVM 2u12iE(11,12]

SVM ¢aEEe] 23HU(P)2 75171 9l Fisherol
AP &2 F<=(Fisher’s Linear Discriminant Function
(FLDR)E °l&sh=dl, 1 382 a3t 2k k(o 2)7h
o] FRE 7= B9 Fisher & %‘—‘E‘—ﬂ = (DA
off WeRt itk o] A2 7} sk Es 2o FA
2 o FARER olFolAe 74 #579 I ‘é 2t A
ZiB)E iz ¥ YoA=SE SIUER), FA° &
g R &7 FARHVES 7hett 2o s She
(FA) AES wrget Aol

prop.p TGS X)(X, X7TP o
PlevVep PTIEZ)Q X)X, — x)71p
Ad7)A i=1,..., T(k) i=1,..,.2F 259 o[HlE 7
ES

AE Hd= sk shg 7o17] 98 Cauchy-
Schwartz 25412 o83t} 94 o=V/?pa} £od
WA @VvEBvPafelao]  Hd o714
V2BV 20l w8k Fotal, o] LRFE o] Ao
TN Dol Agets nREEE)E 7T
Cauchy-Schwartz 552410 9J8] ¢ = ;¥ @ V'B:
HghS 7HA wekd] 269 e Ve E 7
3},

2BAS Fota JYPE(X) 42 o] 2HHo| £
APTXOR 123 o] FAHES Bejske QAR
)49 dEZT T o83l

E(C| 8" =PL E(q)+ PR E(g,) @)

4 EAEAO] EAPEES F7)0] wet Fdsi

Jeln AR 2 BARE Aolo] e T 4



SVMI E oM ST CIOJHE *2[5l7| It ¥u2lE 3

o

3ty & d,=(PTX,_,+P'X,) /2, s=1,..(Wf€Y

245-1). 4 7120 dEZNE 27 A 7}
g A AERNE ML 42 YAgoR Hat
PL" = nl/(n1 +n2), PR = 712/(711 +n2)
ni(no) : d9 PF(QEZR) Fol &3 HE 5
E(q;) == Yq;;logq,,
o714 i=d9] 9F/E%, j=1,.. "7 . £ x5
7 gey(9®, o=@)|N 7+ 17 jol fesjset o)
SFH qij = Xjj / n7} ot
o] darz|Eo] e HolE #F2 AMESh= tlofE
£ st 7sA dFt 7 ol e #E
wpel Aol Qlal, (1419 2Bt (249 Aez]
Saeol] whegstior grh11,12].

2.2 UChoo2| Xz2[7|H
2.2.1 2gE HolH E¥13]

UChoox= C4.5 g S44 Holg EEZ ©

AL

o

o e s g &4E HolH AdE 5o 2
A S Sl o714 2 doly Ed2

&A% glolgof e FEF oz FFsH= FHS ARG
St 7 Ad(event)?] S8 EE FET S Qe Bd
71HS 15t} o]E Table 13 72 skaHlo|EE
ol-&3af Attt 77§ AR o]Fojxom, 3749
HE=(V1, V2, V3)& 1749 RR(class)7F 22 (3, 3, 2,
2)9] AU EE 7RI Ytk o714 FES A2 A
A 69 V2o AR 79 V37F &AFEQItH= Aot
Table 1 dloJ] 2 HF o2 HHE Zl0] Table 2°]
UEht Qioh A, A=A g2 7 B4 IERES
W] iy ele o] wet Y-sk-lagsicth B4, 2
AIEY] S8k wet 7HSAE Foigit o] 7S
Y10 o5 FFE 4% U1, AEII] Ao 9

Table 1. Example of training data containing missing

data
Event V1 V2 V3 Class
1 1 2 2 1
2 3 1 1 2
3 2 2 2 2
4 2 3 2 1
5 1 2 1 1
6 3 ? 1 1
7 3 3 ? 2

Table 2. The extended data expression of Table 1.
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E w
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Table 3. Lookup table for missing variable in Table 2.

(a) Missing values for V2

Cardinality
1 2 3
1 0 0.7694 0.2306
Class
2 0.2320 0.5361 0.2320
(b) Missing values for V3
Cardinality
1 2
1 0.7237 0.2763
Class
2 0.8339 0.1661
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4. Jéllézll Table 4. The experiment results
(a) Balance Scale Weight & Distance Database
AFE 98 UCT 714 AZA18]9] HlolE Fo 45% 30% 15% 5% 0%
“Balance & Scale(BS)(625 AH, 3 ®i= 3 H=)m} Vi 88.58 88.78 91.21 91.17
87.27 90.17 92.09 97.99
“ i ” X Zs 4 B2)O X 03.08
Car evolution(CE)"(1728 AF4, 6 ¥, ‘ A “ 0443 .72 90.39 9316
folgict. I=l1 QREe] HmE 715 dolE<d 85.55 88.13 9%5.33 96.62
“Sleep stage scoring(SSS)"(799 AHA, 11 ¥4, 6 ¥ V3 88.81 90.04 90.14 92.53
‘ e = N 83.97 87.22 91.81 96.55
FHolEE ARSI 5 58S Hdll 10%= HA g 5727 851 9057 o229 | 1200
E] glo]g& AREsH= 10-fold cross validationS AF 84.98 88.27 92.97 97.05
2519t 181 gy dlolE+ &ANEE 47 gEjot (b) Car Evaluation Database
o] 0%, 5%, 15%, 30%, 45% H&TE A2 Hlojg& 45% 30% 15% 5% 0%
AEgt oh2, o] A" A9 ZF < vt w2 g V1 :zj 8558 87.76 889
S $AN7|e AT Polugit A% Ak ol R
512 © A0 Z¥z7vo] Aol WAL A= V2 i - i _
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%\q— -1 7%34—7]' %‘)I:QJ' i%‘—l% t‘l—'_ai Table 40“ ]’]-1:4-]’]- va 83.25 87.03 87.34 88.05
At o714 Wl 0] TtE 9 EER)S 94.82 96.85 98.04 99.59
UChood] Hlolg| &AM AM51aL o]S SVM &t v 85.05 86.99 87.42 90.21
Zog g4 ANE ehiy, ol FEI)L 78 | oo [ ww | w97
) - - 82.46 86.39 88.58 90.33
=RoflA Aijtet= AEREY e ARl gede V5
LL_O" 1 farsh= i < ARgehl W 9463 | 9556 | 07.74 | 98.94
2 5153 dito|t}, o] ZAE & t© dotHr| A v 80.30 86.46 86.02 8881 | 9988
B Ave) S-S T e el Ao| Fig. 10] UeR} 96.82 98.79 99.32 99.54
} 82.53 85.97 87.22 88.97
o] o Hﬂ—7/Rﬂ‘7L 10| E Ao}s EonE ALY A
Shom A Y ZRIETE ARKRE IEZ TS AHS "o 96.69 97.86 98.54 99.43
st A hii=ioA | oo}t IQIEY o
S 2o, FRbHe] HolohEE X F UChoo?| (c) Sleep Stage Scoring Data
SA; 71HE AR8SE Aalo T ] Ax
Holg &4 71HE At ZItolt. Hlolg with At 5% 0% 5% % 0%
of &zt9] atol= Yot Akt W] At ohas o " 79.64 23.33 511 36.02
2 ZAIE Holi it 88.90 90.59 39.08 90.38
o] ATo]A Eo]FL e} 7to] 274AE & % 9 v 84.01 84.16 86.43 87.34
89.41 90.37 89.39 89.48
t}. A Table 49] (C)oll4 SSS HlolEl= ¥M4=7} 1171 = 8058 | sa45 | 8733 | 8682
1 Fo] oj- shje] W] £40] AR A 8 CO T
PSR=Y a]-OdﬁOu;‘( oFL o|d3l V4 : - : :
5ol 7ttt G2 vIAA et ] 12 42 () 89.34 89.14 89.81 89.87
9] BS tlo|g 9] AollA] &3l W A3t Aot . 8100 | 828 8615 | 85.84
H|7& geksltis Ay giu|Ec) BSE 3719] Wsuto 88.91 89.54 89.94 90.26
) _ 79.33 83.67 86.39 87.42
Ag]7] o] ol %9 sy} &AM osko V6
2 7] gZe] ol& F9 st £4%H JFFol o550 %35 878
7 & Aotk &+ WA AtE At £9E AL, & V7 83.06 83.60 8594 | 86.63
AH golgE B1sl & Asgrie 95 gyydL of 89.58 89.91 89.39 89.52
82.99 84.15 86.41 87.22
Q3 BFAS A ole e 2 9t} JubA o V8
&9 SRt Helld dle St ik 89.21 90.08 89.36 89.06
2 £45 gojHE EF S 1 ¥ giojf Etf= A vo 78.78 82.70 84.81 85.69
H7} ¢£AE 0] Q1S Holekal 437 @—’F St} e 5 si'zg :?‘?; :z'g’z Z%i 89.35
N Jo] E 22 Bass 43 V10 : : - :
ohs Fol Hedd] 549 efE Hvoks 4ER 89.56 90.71 90.14 90.53
Qe FE £A9] xolE E E} T B 2ot Vi1 7935 | 8257 8456 | 87.10
89.46 89.31 89.27 89.85
80.34 83.37 85.65 86.81
Avg
89.49 89.77 89.72 89.92
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Fig. 1. Graph for the results in Table 4.
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