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History-related Web Document based on Historical Objects Using Machine
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ABSTRACT

In information retrieval process through search engine, some users want to retrieve several documents that are corresponding with
specific time period situation. For example, if user wants fo search a document that contains the situation before “Japanese invasions
of Korea era’, he may use the keyword ‘Japanese invasions of Korea' by using searching query. Then, search engine gives all of
documents about ‘Japanese invasions of Korea” disregarding fime period in order. It makes user fo do an additional work. In addition,
a large percentage of cases which is related to historical documents have different time period between generation date of a
document and record time of contents. If time period in document contents can be extracted, it may facilitate effective information
for refrieval and various applications. Consequently, we pursue a research extracting fime period of Joseon era’s historical documents
by using historic literature for Joseon era in order to deduct the time period corresponding with document content in this paper. We
define historical objects based on historic literature that was collected from web and confirm a possibility of extracting fime period of
web document by machine learning techniques. In addition to the machine leamning fechniques, we propose and apply the similarity
filtering based on the comparison between the historical objects. Finally, we’ll evaluate the result of temporal indexing accuracy and
improvement,
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HAIAH 7|8k T(AStE VIEE

4.1 LI0|E HIO|= 2RIIE S8t AIZEE 2

olE  Heo]&
(independence)S 7+
7|Hko 2 sl= 7] &

A=)
5
7t Hﬂ °]Z % &(bayes’ theorem)S
HolAut A o7 £ A5

Aale BE ER7I0th 74 ApAEe] ME IS T4

dE S A AT o= Ao o
o (DA 7o) dE 4 Sk

_ p(C) p(F].! - !FH|C)

O B =200 Ty o

B =R s ZAAYNE 72 109 @92 UF7, 10

d a9e AE e BERE d 639 BF

(1390-1910) 8 2= T iF 7-9-(Multiclass-case) 2 4 &

S SELDESERE

# e Feses

9 Awoir 28
SEREEER

1o}

H2E dlo]Efol A
= FHA GEoEA
probability value
#stA| ol

ﬂHN'

problem) W3] %H, =
5 oxAe) 29 948 3

Z3 o] 46%2 FH =S AT § A

FE9 SlojA tha
=

hel et FEE HAE HolE FolA e &

HELO ﬂ_ﬂ Ak AL A 9 7H-r7]' 07H o]l 73%7} 2N EHR
N Q;Q AN Mﬁ]%ﬂ e ﬂej 9% B9 B 5 Ak 3, el A S
= o uTh olsl T o N Hole Q5% & HHEE AT GAEA) ADRR
A HE @S AT ARSATASL AN g 259 2 9w oz 22894 A5 vist ol @
ARREA A4 70 ZA ) U LlA ALARE FEehe 3 44}
s g3 T G
classify(fi, . .., f)—argmaxp h= C,)Hp (F; = filG= o).
- 4.2 Co-EM LT2ES S8t AIZHE £5
Cy:year,F; : objects (2)
B =RdME 50702 BIAE HolEHZE A9 A4
Z g AE dolHoA waE AN S| st SHAA T, ol B2 ¥l ) BAME 4% HiAE
ZAFZAZS B3 g ANE S8 e 7 Ay ©|El(Unsupervised data)®] &-&S Jste] WAL S5
2 Foke 1 B B8-S 2 Aul BAE Boly (semi-supervised leaming) %321% % 3hbel CoEMS
7} BFHE Azt Ak J8HE BAE HolEdA B Hg3le] s FYech CoEM LT EL FER
Ast QAR 9] 2 2HIFrL B, dAE A A doj A @o] AMHE-E]+= EM(expectation maximization) &L
o FFH7L 7V A 2483 Auv AE2HeR = 228 WA S5 HL3 BTEZo2H, HolHe
o BB G A Bk ool wel B @42 BE BRa) 93kl e 48 AR 4E aAHoR
St A B2E dolee ANAREM FEAN,  SHAY1RA HolHE BRUT A¥H 58 e
7 AvelNe) FEALE FALLR 4@E)3 o] o FE [ 113} 2o] BATT6
FolAint WA FAUCIHZRE shie BRGNS o
3, G458 2R2RH HAE HolEE dgat o
n $8 A YolH Ry e el ¥R o
P(CIFy) = argmax (1_[ “’“”i'ck)) 3 $3H o] BH/NZRE th HolEE ek e
- e 2 33 g9
st= QlE|Yl M2 5ts| (162H43) 45



A T]8tel ISt TIEe BE

(2 1) Co-EM &112|&
(Table 1) Co-EM Algorithm

Co-Em Algorithm

1 Labeled data set L, Unlabeled data set U, Let Ul be
empty, Let U2=U
2 Tterate the following
1 Train a classifier hl from the feature set (instance)
X1 of L and Ul
2 Probabilistically label all the unlabeled data in U2
using hl
3 Train a classifier h2 from U2
4 Let Ul=U, probabilistically label all the unlabeled
data in Ul using h2
3 Combine hl and h2

Co-EM ¢ El&< 28 29 Jge=z %%6}
FEFLE AAFHIAN B =R E 24
T(1394~191DE 108 @92 vFE Az A7y
A7gslok 8171 wizoll 2719 F o] ohd thre] [

2 BRI PO $4ste A,

lo Mt r2 e

PUIX, = k) = ) P(VIX, = DP(X, = jiXs = k)
]

P, =) = ) P(YIXy = K)P(Xy = KIXa = )
7
X; = unlabeled data (historical objects in web document’s paragraph)
X5 = labeled data (cach year's historical objects), r=1390~1910(per 10 year) 4

classify(X) = argmaxP (Y|X;) x P(Y|X;) ®)

FEoN o] 64%2] AFTE B AIAHRE
ol 9lojA] tolH Hjo]= B}t & ¢ £2 A%
U, HAE Q3 233 GAYAE tde s
ol tiste] Co-EM € 8l&S Zh2t s3]
< Axtlol e =2 AL BREE vt
SEAI T 64% 2] W] WA ’r’f—c’— AEEE A7HA
qWE s HYS=EZX
b
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HH(Instance based)©] 7178ty &L
45300l 3 42 AVALE FEOT
A 7] }«1 7174]6"‘ FTEFoE HWREAHOZ Lazy

F

gl oF s17] wliToll ALt o] Fo] oA
2 X5S HAs= K-NN(earest neighbor) &
Z&

& [L" 3ellA B wheh Zro] 7t &
= HE st #dd 549 ge
kel WA g 5, SAUEE A HAE

o8 BTN WAt 1 ke Aglel
2R PP BRaE Pl

Z oy

Feature vector —). .

it
-
\ . Same class

/ \
[ \

[
\ !
\ ’

WA EFF & BAE dolElE shiel WML ®
2 FoJstal e A A A(1390~1910)5 E o [ ]
£ 24719 5o Fek ALE Aol & L .
A3k AAAA S TN o] <] BARES A4
o) Aol gkl 7k AT sl AnFoE (22 4) K-NN ga2lE
W 7k gge) g8 ke Adasy, 4G wet (Figure 4) K-NN Algorithm
Avsky Ao) A3l FE @3t WAE dolele g8
e Falel Adg ARATh o714 K& HAE dolH7t 7 4 5 = F2 4
CoEM LTZEOE APARE 353 23 A4 3o AFE Yulsie, B =R 19 AT A7
so7e] Bl wlolE] Fol 32719) A RS AT YUE FZ}DZ K=19) NN SRIEL 4430
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AALAA| J[Hte| J[HIEE TIHE EEE ¥ EMe AIEE FE diot Kot
K-NN €225 280 oA 7HF T3 M 5% I AFeA TA] AR EE FEske A9 ¢uEE
e 54 WEHE sty 54 Ik wixste W MFE B /R AX7F ek g F2 g T4
ot o] H& JAMAAZHN dEo] AREEEH, ZAAIY AL
£ =RdAE FrgMd g AMSEE THIDF #o TR HE 50604 A5 AA GAbe] Yehue=
(Term frequency/Inverse document frequency) %3l2]%l 7172 oF 303 Aol s gttt o]o upel Ahe] ok 3

ARjtstel H3i Hge] SAUMEE 7T THIDFOIA
TF= 574 @50] &4 el driy A5 Bs=AE
Uil = e 2m =] SHEAM WellA driy $28
g 1A Yebl= Aol siARt 54 = A 7}
AT HellA A= *P*‘lEl“ 3, oIAE I 3=l
L2314 °}E}h e rl”ldDP
)RS DF(document frequency) 23 shH, o] 7}k

o WnXp,

Weight w; = 1— |norm(x; total sum frequency)| (0tol)

Instance value x; = [norm(x; current year frequency)| (0tol)

©)

& 71X Weight w;= IDF2] €]m] ¢} st Z1A)|
Sl x2he AA7E ol AT I 23N &
o] NMFAE FoE UE ARERICH,
value xi= TFQ] |24 &) do] Ho] 28 45
oA 7HEAE oful gt

22 TR 7t dAdle] 54 ¥HE 54Y
w28l B 2E HolEld] 23St AAAAE oLt
o R A WEHE Pt T WE Alo] A
g7t 71 7 B AES Sl HZE deolg 9]
Foz EHeh

olgA 1NN ¥XEF RO FE9 4

T 24%(12/50) 2 UrE‘r”E} A et gE 7|k
8ol )3t *P%l @ AL E Hesd, ol
A= AA 76 50 A 71908 Ao 2H H A
doleol] Faek o] JGAMAA S 7t GREA o}

a2
S 53 A7
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E

AFHE Qe & =3
Helth AAZ 1-NN
IME ) AR 24}
ARE 7 e FH
2]g o2 7] A

) AR 2 MER BAE
o4 A 8% LN A8 oFi
2 A8 2910 2, 394 54

b AT 6% HEE AHE A7

S 9 ¥ & ATk

°]
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5. Similarity filterings & £-3F A7}
AR F&F

£ AollA= H2E HolHoA A JAAAE ]
°)E 243 Similarity filtering
A QFSIAL 4.18 3 42784 &g vo] B Ho] = &
Y& CoEM g1 ES 5 7IASE o) AR
Similarity filtering %3S 243le] 3w A 2 A2
4] o3l tiste] Eelgitt

\__

5.1 Similarity filtering

AAR R 7%}
=34 M eddus
B upe} 7o), FF, A
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A5 71 LA TEl AR

A 29 AR 5] A 7|ed
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2 o
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tlo ofn i
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£ :'.:6}" dl #0
T e Ho#2

0f BBHACH CI°t ZEE B 2¥hy
L S53 7| 8 BOHTILISY 3
0101 F=8 50l A2

Hog429)

ol Y= 2

(38 5) ST & 71 AAREES| of
(Figure 5) Example of historical information with

the relation historical objects

Uehd 252 FE29h ol mel AA| AEFE A

Sabed FARS AOE Holu, INNSE FAHE & B =B olgjet ARG 712Ate] EAo)
T78E&EL K=3¢ K-NNo.& FAsle] S 5343 & zll-c‘:_g}cq S 71eE AN AR 7k BAZH AL Ho]
gk QlEYl HEEHS] (1674T) 47



(£ 2) Similarity filter M2 ¢12|&F
(Table 2) Applying similarity filter algorithm

Applying Similarity filter
1. Selecting time-period in which all of test object exist
(eliminating another time-period)
2. Using similarity between objects
21. Calculate Euclidian distance between objects
(selected time-period)
2.2. Sum all distances (each time-period)
2.3. Select top K high value time-period (if selected
time-period >3, then k=3)
3. Applying ML for top k time-period

Similarity filtering &3 2|5 WA B 2E ] o]E oA
WS AAAA ] AAE AYSEE T8k ALkt
T, GAl HI2E dolEdA B AR TS Y
O% 7} AYEE ABEE At 7Y FAEE
S 7S AUE Adggith old ZF AR k]
e AYEE F I #F
distance) & AHESHTH(2]7).

-
et
T
=3
L oZ

o213t Similarity filtering ¥ 2|52 Hx+ 3T ©l
2E dlolelst 7P fAkeE GARAA o wr A A ERE b
Ae AWE KN AEste], s K Adiwrs 53
Jgo s st EFE ?83 & =R s Aot

ool meh AZRY FEo glold] HAE HlolE )
24 Quish =27 Heluhs AnlE /1A% Aol Al
stel AYEE PRADS FAN AWML B A

2 ol5g M # Atk

n

d(p. o) =Vl =P+ (- e+ + (- = | Y (pi- e
il ™

100 -
80 -

60 - [ [l
® Naive
40 - m S-filtered

20 -

0 _
NB Co-EM
(a2l 6) Similarity filtering?| M2 A% M&T H|w
(Figure 6) Comparing accuracy of before and after
applying similarity filtering
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Z9] 46%°] BTN A Similarity filerS 243 A3}
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AAMAA 7L 8eE AR FEd AA oJZUESR
Hlxl” FES 39 AUZE AGTOEZA vl WA
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