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" Uppercase Letters
™ Lowercase Letters
™ Punctuations

™ Accent Marks

" Diacritics
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" Spell Correction

" Whitespaces

* Stopwords Elimination

™ Text Canonicalization

" Tokenization

™ Stemming

- Part Of Speech tagging | POS Tagging
" Chunking

™ Shallow Parsing

" Named Entity Recognition
* Callocation
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[Document 1]:

Arsenal legend Robert Pires has labelled another Gunners icon,

Dennis Bergkamp, a maestro after naming the former Holland
star in a best XI of his former teammates for The Fantasy
Football Club.

The attack-minded duo lined up alongside each other for
Arsenal for six years, afier Pires made the move to north
London from Marseille in 2000.

Arsenal enjoyed great success during that time, lifting two

Premier League titles and three FA Cups.

X|I|:Arsenal X[2]: Legend | X[3]: Robert | X[4]: Pires _
3 1 1 2

Document 1

Document 2 2 0

[Document 2]:

Robert Pires has selected a dream team for Sky Sports and it
features seven Frenchmen, six former Arsenal superstars, a
handful of La Liga players and one of the greatest players of
all time.

Decorated winger Robert Pires joined Arsenal in 2000 after
winning the World Cup and the European Championship with
France. It is no surprise that his ultimate XI has been filled
with an abundance of Les Bleus internationals and former

Gunners.
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encoding prediction
(=Softmax)
x € RV1 One hot representation of a word. Size of input layer is equal to the number of terms
h € R¥1 Encoded context vector
y € RV*1 Predicted word prob. Size of output layer is also equal to the number of terms
E € RV Embedding Matrix
wij Coordinate of context vector. Weight between the ith input node and jth hidden node
P € R™V Word Matrix
w,’l Coordinate of word vector. Weight between the ith hidden node and jth output node
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x € RVXI ‘cat’ = [0, 0, ...,0, 1. or "‘J
‘ encoding

v; = h=xTE, where E € RV*¢

[o] o]
g h g As x is an one hot vector, this process is called
: [s) R look-up. E embeds the coordinate of terms
1] E | (:) P | ¥ ‘, prediction (=Softmax)
o o 2
— expl vy vo o
W— — Y ( ) where g, is jth column of P € R¥*

encoding prediction EI' exp( vao;)
(=Softmax) calculate error for
backpropagation
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if term j actually appeared within the window
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encoding prediction
(=Softmax)

z € RMX1 One hot representation of a document. Size of input layer is equal to the number
of documents
Coordinate of document embedding vector. Weight between the ith input node of

z and jth hidden node
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Input:

X : aset of labeled and unlabeled data

Output:

P : a set of labeled data clusters

SSC_Procedure:

1:

10:
11:

12:

13:
14:
15:
16:
17:
18:

19:
20:
21:
22:
23:
24
25:

2
3
4
5:
6
7
8
9

/I Initialization
Construct a cluster candidate set S = {}
Foreachx; € X
Establish a cluster candidate S; using each x; and label S; with [, ;

Set centroid of S; as x; ;
S « 5,

End for

/I Clustering

n « the number of clusterin S ;

Whilen > 1
Find a cluster candidate pair (S;, S;) in S, which has the smallest
distance between centroids among all the possible cluster candidate
pairsin S ;
IfS; and S; are all labeled cluster candidates and have different
cluster labels
P < S;andS; ;
Remove S; and S; from S ;
ne<n-—2,;
Else
Merge S; and S; into a new cluster candidate Sy ;
Remove S; and S; from S ;
Add S, to S ;
ne<n-—1;
End if
End while
[/l Output
Remove the clusters whose size is smaller than 3 from P ;
Output P ;
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<REUTERS TOPICS="YES" LEWISSPLIT="TRAIN" CGISPLIT="TRAINING-SET" OLDID="19428" NEWID="3802">
<DATE» 9-MAR-1987 ©85:03:09.75</DATE>

<TOPICS><D>money-fx</D><D>interest</Do</TOPICS>

<PLACES»<D>france</D></PLACES>

<PEOPLE></PEOPLE>

<0RG5></0RGS>

<EXCHANGES></EXCHANGES >

<COMPANIES»></COMPANIES>

<UNKNOWN >

&H#5 ; &BH#5; &3#5;RM

&H#22 ;8322 ; 8#1; FOA238#3] ;reute

u f BC-BANK-OF-FRANCE-SETS-M  83-89 @112</UNKNOWN>

<TEXT>&#2;

<TITLE>BANK OF FRANCE SETS MONEY MARKET TENDER</TITLE>

<DATELINE> PARIS, March 9 - </DATELINE><BODY>The Bank of France said it invited offers
of first category paper today for a money market intervention

tender.

Money market dealers said conditions seemed right for the
Bank to cut its intervention rate at the tender by a quarter
percentage point to 7-3/4 pct from eight, reflecting an easing
in call money rate last week, and the French franc's steadiness
on foreign exchange markets since the February 22 currency
stabilisation accord here by the Group of Five and Canada.

Intervention rate was last raised to eight pct from 7-1/4
on January 2. Call money today was quoted at 7-11/16 7-3/4 pct.

REUTER
&#3;</BODY></TEXT>
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Reuters-21578 0515 oG 10 352 50 Sow digos 3| (5 9 guai N-F Ko

20NewsGroup osls o550 V-V-f

G aS Gl g slrog S 5l aiw e VA L.a).o.a 3l slac oo 20NEWSGIOUP (sloosls dcgoze

Of



sloools acgeme 45 20NEWSGIOUP dcgoze .Cowl ool (5y9l0,5 OVlEe 40,5 il s S0l
5 O @ik atle (peile (S0l SIS e gloo )5 5o GialejT (ol syld by
Lgyo Sy o a5 Wlazdly lesle ciliden (6,05 atws Yo o baosls .l oads haus e (somdies
e &) Wl [TaSs b o038 s Lol (5505 sloog S 5l (i wanl Sglie £y9e o 4
Lyl Ko Fp oS J o «(comp.sys.ibm.pc.hardware / comp.sys.mac.hardware asg.e;
90 4 ool dcgaa wl (mMisc.forsale / soc.religion.christian Jiwe lee a) aijlas g0l
s (,Sdoe b3 (512 L) Gialesl sl (6,500 5 Shjgel slp (S0 109h oo i A2 ez
ol )0 el (o )l G Sl am g S ead tiie sl el Gtalesl 5 Ghjgel degezme oy
OAY) "comp ". (aw HAY) "rec” ¢ (arw 09F) "SCI" s iws jlem 5l ok YYYA ragh
Egoge Jud 5 Slastine gl aw o .Kgd co ol Bolad el 4 (s 0FF) "talk" 4 (s
odla H,8 aiw o glal jo aS cunl oy g ol Ol il dbglhas slass (lesle o, catws

Al oo o3I ton s 5L e 5l Sledbl pl o ST o gl o e 4 Ll o0l

byl Joe ¥-F
Bl et e Bl o SrsS 4 5 3 By a5 aile Jsans sla s, 0 n i 6 5
SlelS Word2Vec _cac saSiis (ojg0] (Soumn S2alS (sl 098 oo plil 0 e g ciBes DlalS
g MIVOY) i 5 4 g Wgd (o0 Bl Wilowds 00yo )b gy 5l S ools dcgore o5 J a8
Ailo o 8L 20NewsGroup 5 Reuters-21578 sla ools acgoze ;0 3,8 4 yasis 4alS YEYTY
AolS A Voo e 4 SladS Jlo  pgpie J)la ded zl3aul 5B 50 SlelS (g5lu A 5w o

g oo A o

AN



(soiudinds o83 JLa 3| SSCIUSE (solgiiny Jow 8,Shos 5,138 oo il a2 9,5 3, 5es
ol el 4 dsgi bl oas ool lis (V-F) Jaao 10 (diS oo ot pudlin Sy o5 K
80 Gl 5l e g alb B¢ B Fr e o pedlie olows 4 098 0 Jol> Sloj B o e ¢ Jgox
oolie olaxs SSCIUSE jug, Sliolesl ples jo Lo fuad 40 0iS o s g5 B b

JOMPNVAUECHE 2P

(Z) o Sluni guiio polio (gl Reuters-21578 0015 oL (59, w0 obaw! (gudy add €ds N-F Jouo

o oy
?00 abb fQO Y’QQ YQQ ‘00

Yary Ya,fv YAAY Y#,A £f.4 oV,-Y | SSCIUSE sy,
FY,NF BoW ks,

And > 6‘)‘° p...a:l.o.o as L;olio.a: Cewl 00l 00ls T2y \-Y-y-¥ M 40 aS jshiles

)‘ .,\.A_:)L\.c u"j) dow U"‘ ‘A"‘SLSA ul?r.u‘ Kow )L)J.g
td o 5191 33 (339 (ke b Gz (1)

Mop o ale )l ol carpgos,S o ) d sw Jlop 0wl i85 &8ly o g, ol

:EM,!oﬁoMoM‘ me,oglglp&%h%ﬁ )

ofF



Sl 90,5 o0 i s ez Slgie A i 1o 50 GlglE i b ey g, 00l o

{ 0.01 || 0.23 || 0.65 || 0.09 | 0.87 || 0.21 [| 0.02 || 0.56 || 0.96 || 0.4 ]» S 518 53
] <] 5] ] ]
o] ) ] ) Bt
A IR E R I R R R R E

L HIE R EH R E I L - e
5 |F S0 Rl B Al B g Y s | &
< < < < <
Mk 5 = Agriculture ce>, slow

(I 3 = Crude e oloas .

Agriculture < S S ey 5
2 =Trade cus p sloss
0 = Interest .z, olass

0dld ol 59y y (2 ® JUw—SSCONE ;0 S 4y o 0 yamasti (G092 p9d (g, .V-F o
Reuters-21578

td aoaw 10 g 5O (e (39 (S ) b e 1 (V)

ol Uiy ol e Oile 4 el oals ool i (YY) alal ) V-Y-F-F Jsu 0 a5 jshiles

2 ey 0 lp bl polie ggemme o)ld Ha5 8 90 s ;0 6 5VL ()59 porde plaS A WS

oy



il g3oge onl Sle (F-F) IS8 058 o0

{ 0.01 0.23 0.65 0.09 || 0.87 || 0.21 0.02 | | 0.56 | | 0.96 0.4 } M)loﬁ
@ ] » » [
] Bt ) ) R
A E R R R AR ENE IR ENRE _
3 g 8 Z £ £ 8 Z S 8 plio oy
A IR IS
< < < < <

2.04=0.01+0.65+0.02+0.96+0.4 = Agriculture e -5
0.86 = 0.09+0.214+0.56 = Crude vy o339 oo > 3

1.1 =10.23+0.87 = Trade ..z 535

0 = Interest e, 59

Max

b

Agriculture

03l olfeb 89y ¥ ‘5.015 JUo —SSConE 8 dicw & o 3 oz (50950 pow (w9, .T-F ST
Reuters-21578

Sl gauaids C8s s (Glocus p oliul slowi s b g wlais 3 )18 J»NLQ)'T Dy90 09y A B
Gt jo 1) Cds YL sgw g, s oaslice a5 jshiles g oo cdmline (F-F) SO o 4

D¢ oo 00liiwl SSCONE jo abgs Ll slp oy, ool enlivle;l aby 1o 020 o oylis sl

OA



90

85

80

49

Accuracy
D
i

55
50
45

40
100 200 300 400 500 600 700 800

Number of Labeled documents

=—o—Method I =e=Method I1 Method III

Gy e mad i g 309y b (SSConE) solesiivy (si9) obaw! gusvadib cds F-F L&
Reuters-21578

S8 b con 1) samaiss 8, Sles 5 Coul (§y550 69,5 FeelS wiyeSl o adsl bl sl
Ol 4) 925 (o0 )8 ool S50 10,5l )3 (59,5 uelS (B calins (nl Jo sl oo oo
—abg g 39 o0 Lyl Bolas adgl L b b cpous w55 (Ol 4 gl sl alis L

Sg oo Bl dligs g0 Alold JSlas b lsan

L? b o &e.gss)x‘“-é;%?" g__,L.,\,_,LO)’\ @LNASW‘W@U";Q QlﬁL,{,)o

sl 0l plodil aladl> Co LIS £ 5 Intel Core 05 ousjls

AR



Loy byl F-F

(NMSE) ™05 Jlo y ol yo (sSilso (sllas ylazo V-5

“Jley Sl ye 5k jlre sl do by, plo b (golpiinn (hs) (ganadss CudS dnslie gly
Uodaslyy oty 05l oo colaiul oals yya5 (Y-F) g (V-F) Lalg, ;o a5 NMSE lais] 4 oo
NMSE JLas oo Xj 00ls 50595 55 50 fle, 5 o0l blis 5| slasgorma X caiiss 35150 5l shicgorms
oaied (JLiS 1SS polie 5 WS oo dule |y aligS S50 5 aligS (49,0 LG alold (120w
Sl § S b gamadss o JLs a5 adss 0 7S il

1
MSE (X,10) = = ) (= 1e)? 0-%)

i

NMSE (X, 1) = MSE (x, 1)/ MSE (x, 0) (*-%)

(NMI) ¥ sole Jilize cleMb] Lo Y-F-f
SAAbyS oS 45 el glbgS i lie] e o (NMI) sole Jlite cledlb] [Las
aS &S o Gby)l NMI oS o oUs,l oyl oo eols L3 5l slaceus p a5 azg b 1) laools
e ool 51IBL] wis” (55l 1 osls (ol (slocanr » Wi oo & y90 42 4 (sanabss o555
[0,1] so3b ,0 s00e Jhme cpl (9,5 aib S92 ge rosls w45 5,5 soliiwl )lev oo Sboj

QS oo bles |y lassls Lol slacas 5 00 adg (slaadbss canx o (5, ko] Cgplie a5 ol

* Normalized Mean Squared Error (NMSE)
¥ Normal Mutual Information



W oo Ol Ky 4 Syo3 polie a5 Il ys and e i | 35l ads Sl Sy jho e
29551 Jlae a4 Cacd NMT Lo .asS oloul o,bgo 1 ools  2bly (sl DS Wilgs co (sosaisgs aS
e 45 el ol ol ol Cle ams e Lt g3 ) bbades coinS il o |y gy o,Slas
Lol ool oo tol38) (29,56 Sl cails yiioo olows (ol 4z 12 g ol atuly laaigs slows 4y 29,50
ol Gy (Y-F) ddaly o jlas ioli8l Ll eades slaws 201581 L g cans 4565 ! NMT Lo

i = — G0 (F-¥)
(H(C) + H(K))/2

HX) Y X olas sl it e hlie Sl I(X;Y) = H(X) — H(X|Y) abal, ol o

el Vg azg L X bgyin 95l HXY) 5 X 09l (9,51

Gowadnb M cds Y-F-F
QS oo s pSolul goae Jlade SO LT ganaid SO 8 Shee a5 Cul (5 )ke gan aidb CBs
maid sladiged Slas pund b aiload (gaindads i 0 4 diges iz a5 weo o lid lade oyl
Cawdy o ools lis (F-F) dlolas j0 a5 jshiles s jlaie dadiges S slawi p zuors ol (goi

Sl I d5g05 (gl y U»MSWW}/II alwly cpl o .aﬂ@

(7, = v
Accuracy = W (*-)

' Accuracy

£y



L a-¥

ez 4 azgi b ojloy e oad plnil cliglesl @bl Jdowi 5 (o) (2555 4 i o]
Al LS (ghzr g o0 418,558 obl 0550 aiz 90 5l (goleiiay by, 0, les carldS
At aaS obs,l Jeld coliwl ganads CodlS ganz (gunail Cs sas g ol sus
(oolpinn hg, 65 g oddlin lp &S Sl NMI g NMSE Lo g0 b golpinn o, S
L colawl ganadlds Cds gau> 10 yuiored 0,5 oo plil v g, pla b aslie s ‘_;’;L.:;;“La)'—l
dslie o gaimadil slagtg) nlo by 99 oe (6 pSojlnil 285 lae cilize slapial by s

D pdy e Dyge

G gs CandnS (b 5y 1 -0-F

VY oIS o 51 VN0 F
SIS e 1S oo 2yl 1) (oBisel (slmosls acgarme ojluil ks b Lo (Jsl palesT 5o
Slp ools 5l as,s Ar danl jo aes o las 1) Jow (ygel slp eoliiwl 8,90 slaosls auoys
b se R oy Yo a (o5 gy SO0 (0-F) JS 0 ole 0 g g e eolitl (h5se]
Gole o 09 o Lai s dad 10 (h3g0] degerme 10 jlocanz pobwl 5l SBY ¢+ dcgame SO
Slasi 0o y8 (6,155 S (285 b el ol il o oz (9 (Bjg0l slaesls iule S0

sloosls dcgaze 10 pois b oo LiulEl gl dcgame 10 ez puf A con 5 Ll slosls

" Effect of Retaining Ratio

Al



Nlg oo 69, (nl el b 298 oo Joo cSle sl guaiss Gilidee mlt 4y o5l

Dg oo dunlie K-Means U solpainn sl 65! 0,Sles g (5,5 ojlail (0-F) IS j0 (905!
i (5,05 slacans 515 SSCIUSE (golpiing by, bawg ool adgh siw (sladdys olass
L »l SSCONE yig, L ool adsi olos sl algm slaws .conl ool ools lis (V-F) Jeom o

el 00ls glaains olass

u';}g'Lo)‘T SIS (s G b JBLEL SSCIUSE g9 dawgi ouls udgi (g aligs sluwi . Y-F Jouo
(V-¥) <o

K ARF 0 A4 AY Y f4 Reuters-21578

WYY | Ve | Ve INg A oy 20NewsGroup

S5 55 hse] sleasgerme xS 10 g 3550 6l o b wd; o il a5 jshailes

&S oo olgs NMSE

sY



0.3

NMSE
=)
53

0.1

0.05 -

0.8 0.7 0.6 0.5 0.4 0.3 0.2
Retaining Ratio

——SSConE =e=SSClusE K-Means

9 ol s o9, (sl Reuters-21578 oo1s ol sbw! gusuaiiags JINMSE polio . 8-F K&

o (6|04 S L K-Means (gaiydi o>

S ples )3 (s3lidy gy &5 wasee (L (F-F) JS& lajlaged p3 oad 515 mls
Gamase> 3l 20NewsGroup ¢ Reuters-21578 sliwl sacgome 90 ;2 10 Y 3l 2aS (5 IS
05,5 lpK-Means g, NMSE  jlose «(+,Y) (5,l045 s ol jo .0iS oo Joe yigs K-Means
&)ls SSCIUSE «5” Jb> jo wcwnl +,29F 4 +,-0F 55 4, 20NewsGroup 5 Reuters-21578
3 88l higel sasgema il zalS b .cusl NMSE JLao slp +,oAD 4 20+ polis
288 jshiles 15 S co g VL CoaS b obeadss ol g0 K-Means | aslis

L K-Means s, (sly 5loge8 o il oo G20l (6050 S az 50 0098 0 0y (P-F) USS

4



025 NMSE lp 1) oby Gal¥l &5 Sl (o cpoy 0l g 08 (o0 oy (a3l (g e S
09 Soadbe> Colaa 6lp caw pislyls slmosls lsolaiwl a5 WS o Az g Liulesl opl S o
@ 0B olpiinn 10,68 el o colaivl gl slrools 5l (S5 o8 dcgeze 5l aS Jloj
NMSE JJaio slp 5 5aS ool K-MeaNS g, b aunlie [0 .Cunl (500 (gondlss> Jow adgs
)bw.?ﬁ sl pf Slass b Gudlg> 4 Lgol.g‘..m.u Gbu':’b SPr ).iL..., aS el o0 sumlie
SSCONE 4 Cors (5540 o ,Shoe ooyl cpl ;0 SSCIUSE a5 el (] Cdl> ovalie G .l

RPN

0



o
(o8]

0.25

0.1

0.05

0.8 0.7 0.6 0.5 0.4 0.3 0.2
Retaining Ratio

——SSConE  =—e=SSClusE K-Means

9 ol s 095 (sl 20NewsGroup osls ol slawl guiualiss ;INMSE polio . £-F JSC&

o (551455 o b K-Means (gaiaaos

Sl o sbawl dlaws 51 Y-V-0-F
Sl ol saalive (gl 0,18 ol aloul (Guuadiss CuisS 5 cwgmtte ;U e (51l Sl slaws
acgozme 3 o5l Lol caile go ol 3g0] dsgemme ojlasl ol jo a5 guols slaul |, 6,50 ioles]
Sl Jos ccwz p slils slrosls Sglaie slowi b ] pxin degasma () 10 canz  lyls slrosls
P 1) soloring slagty, 3o Wlgiioo (0,5 (nl g oo wiBle (SSUsS (sanaldy>
Slis ol jeb s wilgi e GiabesT ol aiS bl ez s sbrosls cilises slacas b agzlpe

sleosls I S>o5 dcgormoy; o daid il slfin ( ragh (pl golpin by, LT 45 aas

55



Slp ez s oals (gob; slaws 5 asles o LT g axied pglie 50 Shae Llod jl con o (sllo
gl Loy 095 3, Shas Dgupo

0.55
0.5
0.45
0.4
0.35

0.3 /

0.25

NMI

0.2
0.15

0.1
100 200 300 400 500 600 700

Number of labeled documents

=o=SSConE =e=SSClusE Doc2Vee =e=TESC(BoW) K-Mcans

39 6oliay s 9y )y Reuters-21578 o015 oSG L olow! (gudy alogs NMI polic V-F &
ez 33 51510 dlew!l ilizo sluxi jo Doc2Vece g TESC (BoW) K-Means U duw lio

OilaaSs ol ple oz o oliwl olows o b oS aeo oo plas 1) NMT p0lae (V-F) S
ooy 3l el el camags (V-F) S Glae .ol ool Cands o g obiwl oloas
el J10,95 5 o g,y pl 4 Cd (6 5SS I REUters-21578 ools oL (g5, 1 (golpiion
—dle> CatS o 4o g NMI jlade oz p olewl slaws i0l381 b oS cal aogi bl (o
O s a5 ol b o 5o (Jle plsis ar ailioo SR pugere LB JSS @ o
<, YYY soe SSCONE iy, lp NMI jlade (aiw Vo) ail cazp gl slwl vy

Y



(o Foo) diied oz sl slisl 5las )0 YT 285 0,500 550 40 .2l +,)AA sae Means

oliwl ools (gacgeme (glyp duuy o0 +, PO a>g LB soe & SSCONE g, sl NMI lade

30 g Cewl <, 0F sae NMI jlade ccanz 5 sl)lo ais Voo slaws b o(A-F) JSSo ,o 20NewsGroup

w0olo oL cpl jo.canl < YVY sae NMIT oo o)l 0429 jlocnz posls Voo J8g il o Sy

- P Gl’.‘.’ 055 )‘ L:bufas) ﬁl....: )| P Lgo)iLo.c Lgol.g‘....u.; 99 Reuters-21578 ools ol.isl.; AgLi..o

0.55

0.5

0.45 o 0

0.4

0.35

NMI

0.3

0.25

0.2

0.1

100 200 300 400 500 600 700

Number of labeled documents

=o=SSConE  =e=SSClusE Doc2Vec =e=TESC(BoW) K-Means

3,138

39 oledion s gy sl 20NewsGroup ools oG L sluw! (guss aligs NMI polio A-F S

a2 13 61510 dlaw! llize dlaxi ;o Doc2Vee g TESC (BoW) (K-Means b duw Lo

A



Losls 51 S=>95 (gacgeme s a5 > 0 il o Glgi o (A-F) 5 (V-F) JIKoI slologes
olewl slaws 2ol b asiws [0 sla iy, ded 5l 5 (golpiinn (sld g, cdiiwd o 1)l
2o oo (LSl sl oo GBI by ple g goleiday Gy, NMI (o ST o
4 Comad 0l plowil (Gaialiod CdnS il 4l 3925 (6 ez IS soosls 4z e oS
Nz (sloosls Coje 5l )il (il 45 WS o 9l (eizes ool Sl o iy, plo
-z g gl 89 a8 el (! Ko LIl cdsline o 0 0,00 00l gladdies alS gl iy
sbwl ools (gacgazme 93 1@ ;0 (SSCONE) g lnides popie zlmciwl (sl oyiws )0 S Jlo
slass mol38l b zo,05 4 .o,le (SSCIUSE) &)l oy pogie gl ol a4 Connd (6 50 o, Slas
5 Al b ool laghs; 005 (o0 (i bl 0ol 59 SSCIUSE vcenzr 1 syl slmosls
L adylo oy oliwl jig (ganddos Cua ;3 (oo o5 dahy) plo b dslie )0 e (slizl a5
JB analss (lgioe g Weboo mebiS S adeS Sl iz iy slaosls Sl eslinul

il Wl 1 g 3 olipals!

Gomaib &8s (2b 5, Y-o-F

Sl o sbawl dlaws 51 Y-Y-0-F
shls sosls slaws ¢ (6 1S cond a5 gloj 1) goloian By, <8 (V+-F) 5 (A-F) Jal
el ol gl o 1y lacds (:Sile (g508 jpme iR o GLAS S g0yt oz

s 0gh oo oolaiul Joo hjeel slp aS 1) (g loaz p oliwl sloss 831 jemme g oo oo LS

Sonr Slp cz p sl sliwl (6 it slast jlails oo Goleidny gy, oS WIS o0 AT

£4



b )15 85 p ez p g Sbewl olaas (nl p ogdle digd die 0 g0 e oAl IS8 Sles
ol oo Jlidl ales o le.ll.g Wil ol ez g e sl el S0 08 o 55U o
Slass 31 Ll ael salgs 0gmg B laosls cixes o515 g baigs 35 10 (o a5 Canline ol
dloo a5 als> o by il 08 iz e slaesls

85

80

7

Accuracy
~J]
S

N
W
{ ]
[ ]
[ )

60
55

50
0.8 0.7 0.6 0.5 0.4 0.3 0.2

Retaining Ratio

e o o SSConE 150 labeled text == «SSConE 300 labeled text == SSConE 500 labeled text

Gl s jo (SSConE) solesioy 09, L Reuters-21578 slow! gudy aidb cds A-F L&

oz 1 Bodld o dlai g (5,0 S

loadgs il ol [ojgel al> o j0 oo soliiwl glacols slows 5T wliwl (gomaids 55,5 ;o

il o Slos adl o5 (L3 b ol (L baadiss slaas ST cnl b ogd oo BES (5 in
Sl atws o) o Jols g 5m sl 05 Jloan loadgs laws 115 Cnnss oS o2,

" Bias



e g Wb oo Lials alss o 50 oliwl slaws il ol Lo bades olaws ST yoren .ol

85
80
e —————
-~ ——
- =y
75 ‘\_
-y o
270
s
=
S
< 65
oooo.....
oooooo.....
60 ooooooocooooooo............
oo
55
50
0.8 0.7 0.6 0.5 0.4 0.3 0.2
Retaining Ratio

e e o SSConE 150 labeled text == =SSConE 300 labeled text SSConE 500 labeled text

Gl sl Cawnd jo (SSConE) golgiiay (599 L20NewsGroup sbew! gudy aid Cds Ve-F b

1S ez g G0d1S o Slaxi g (5,10

20 s gy b lio Y-Y-0-F

il 3 )15 (6l ctulejl daby; ple 4 Cons oleiing slaghy) 550 (ob Lasuine sl
L1y golppin By, gumaid 8o (VV-F) JSo 02 oo plodil j55 3 00ls oL 90 (59, ol
Ol 1) (gamaids Cds (60508 Hgmme .S oo duwlie BOC 4 Doc2Vec .TESC (BoW) NBEM
Uoigel sacgama glp A (5SS Cand b aS sl oz g oliwl olaas 8] jgome gl o
03l (sasgezme 98 ;& 10 el oo Clloy (VV-F) o (VV-F) ISo 5l a7 jglailan . aigd co oolatul
CBo oz slaools slass 11581 b aS w)lo ol jed 4y 1, (6 5YL Cds golpainn g, ol
&S WS e ol g ol 55l 3 sl Sbl L s ol ul sl s ili8l s suaads

\Al



S Jo o el gyl g, sile 4 Cond Jow bl o5 ez lilo slosls olaws 23
Ools b 3 o by, ple gl die oy 35 550 Jlocnz ool (sacgeme ool Wlg o
WSS e sz |y G0 iolisl iy Jlocius 0 sloeols

90

85

" —

N
w

~1
[

jon)
wn

Accuracy

\

55
50
45
100 150 200 250 300 350 400 450
Number of Labeled documents
=e=Proposed Method (SSConE) Doc2Vec =e=TESC (BoW) =e=NBEM =e=BoC

BOW NBEM L auslio jo solesion w9, b Reuters-21578 slow! guss aib cdo - Lo
A (651045 i LBOC gDoc2Vec

<ol 505 LDoc2Vee g NBEM (solgaion o9, 5l o « REULErS-21578  gosls acgomxa (5l
TESC 4 by ,o Reuters-21578 (slaools acgozme (gaindads jo o Slas o iy 35l o035
09 95509, o olgie 4 BOC 5 Slee a5 89 ax g 4SS ol 4 b 4l .l BOC 4 (BOW)
slrools acgoma gl (VW-T) IS0 L sllae cans ainly oz slaools slows 4y ooyl
o, O Plas bayl i plod jo a5 awo o &Il 80 solgain 59, 20NewsGroup sleeg,s
G ColB) e 0 b g, plo g Cewl 590 plie xlo DOC2VEC sl (S50 sl g, plod 5l e
Slp oo 5le oo jloolaiul aS aas oo Lis (pl S co adg (6 5eS Cds polie 0SS A
P9y &5 Sl ol Seal Bl A LG o el Fge i sliwl gunail gl sl iles

vy



Qilgs oo oz ool oS jlade b s> cond O jllaides 8,50, 5l oolatwl s 4y (golgainy
Oli8l S o coliwl 55 paslas 51 a5 BOC L avslin (o 1) sanasl cds gzg BB job «
R

90

85

80

75 /
e

Accuracy
N ~1
wn o

60

55
50
45

200 250 300 350 400 450 500 550
Number of Labeled documents

=e=Proposed Method (SSConE) Doc2Vec =e=TESC (BoW) =e=NBEM =e=BoC

BOW NBEM L auslio 50 soleciion w9, b20NewsGroup sluwl guss adb cdo NY-F o
+h (651045 i LBOC gDoc2Vec

SR> 7-F

=l c;L.i%LA)’T 5 Ggl%)')l Galivwse Slils o olaae @ @L{)’)l Joe g 0ol oL fad pl jo
SSCONE (solgiiiy (B3, 99 2 385 9,Skes 28,5 )18 (qusy 2 0550 Jabo jsbo s la)] 4y Loy
Oeigred D 5555 g duglie g, mlu b oliwl sanaids 5 sauaiss> slo IS 0 SSCIUSE

le.as)‘oyo.i OML-MAL}M d.ﬂ)‘ 60[.@‘.»....‘...: Guui’S) le.a:e/{:’;; QAJS Aws g )9.5.:@:\.36;@& J...L?u

0,50, faly“ ookl coolprinn sl g, sy YO (pege a5 Ad atuie ol Cly’c‘wl

\Al



28,5 asalys 8 o 9,90 san ] sla,lS sl sleslpiin 5 mlo 5l 6Tl da Jad o

\A



S oS Az 1 O Luas

Yo



aligbl uuges V-0
PR el ool &l sliwl ganaliss (gl porde p (e (Fyldas by, SO egh ol 5o
4 .0,)l08 oo )..JL slewl gauaads 0 )5 5 ganady> CubS ooliwl isled g4 a5 090 ol Lol
w20,5 3BT pogie (e (cdulad sliwl (gl oo iuled Bile la by, s gy jshaie
zl P! LcaoT Gludbg> SaS by e 0,80 SllS o slise slacwls wlul 5 edlis oyl
WlalSaneS hd 5l e (iuled lagly) ple glocans g laiosgame » Gbsy (nl Sgd oo
Ol solein by, ecnl 2 ogdle WS oo aule sliwl sl g wiws Wl ugSanmaalS WS,
2 ol S oy dilate Jsb b gl slad Ko o meplie s 1) sl aS a5l 1) o 5
Q1S 208 (6 S A ac glaaSll g sliwl A aile ola yhg, B a5 cl >
Olas 1) diw odsms |Sis sliml () a0 9 555l (g0l 5 (6 0yt CoblE ualin p (e loled

.Mbs.o

il ganadys (sly (J)llaiaes 0,509, 5l sogeie Dyge 4 sliwl Gioled 5l aslol o Grizeen
o2 (8l ez ey sloools LS )0 ez 5 slylo slrosls (gogame lawi . wl ool solaiul
31,8 50 ez 1o slosls sl oslaiul (gl by, 9 ¢ 3udzs (40 09 co eoliiuwl Abgs 351
poie gl g sliwl Ltales o) )3 sl oliwl (gl g, 50 Canl 0ad (Byme (sainadys
By ganalieS Al e )0 coew g sl Gools (pgd g, yo AT Jl o iloals aid )3 IS @
wools 5l SlelS ooy as glad o len sl @iS gly Jol (g, g so oolaiwl slivl
iz g sloosls S oo bl ] 03,95 oz p peplie § 0 pos 0t BU Gloie 4 bz
2 99790 medlae pgd by, )0 WS oo ol B 1)y )0 35250 Slil (e alal) e R2S OIS
D0 oz p 0 S plie e (e ) digd go S Ol 90wl T S Byl 5l sl

\id



Gads 5o o Jsl g, b i ()laidesd go s8Il 5l e (gamets 4y gunadiss Coloa 6l
e ylo p Jol gy yo a8 cel 5 )laidens o 5631 (699,9 ,0 Dglas .l oaus oolatul sliw! sla ls 5
G oo ¢)‘3 w—*—’)jﬂ‘ L dw LSLQ)L))" £9e 045) 9 Lol c..)..a)L.MJ ‘) MLQA & “M}NLSA Q)‘j KHNLY

S ool 1y s slaadies

53 el (e 5l e 50 gy ool ool 99 (595 2 (Slialej] i 3 Shoe (s sl
ool oL 5l g calizee WIS Lo 5l aus YIYY olaws Reuters-21578 (gools oL 51 el
aw 5 Hohien 08,5 18 ialesl 0,90 Sglite WIS lg> ;0 i YYTA slaws 20Newsgroup
o9, (2bi)l 4 et anlond 00 000 (s3leiion b9, 2Ll sl &80 g NMIT NMSE jLxs
Gawaib 0I5 0 olpiin sld gy D08 oled (gl g oalid odin (guudalieSs 0 8 o
ol slagisy 35Sloe i) sl DLl | a5 el 45,5 5y50 SLisles] 5 slid
oz 1 ool oS ol b S el ool ool L Sliokey] o as jghailes .ol oo ple!
by a5 Bl (LS 08 bl s oo LA ) 093 6 Loy, ple a4y Cas oul Wl
CebeS a4 byrpe Sliolesl o el (Solliaes g Oyl e slagisy nle 5l e sdleriag
595 3l oy, plo & Cund i NMI 5 1S NMSE jlade oal &l sbabs ) e gmads>
sohian L aS gladgs 9,0 galold g alol> sladiss YL CoaS Sy el ol aS wisly las
O golpinn oy, dulpl 251 50 a5l canlin gunail 8o idu slaloges 4y axg L

59l oolewl slaws iul38l b aies oo plaxl 1) sl ganains b Jus o 5l e sy

el 00 sodlive Qjﬁﬂ Lyl o golpainn Jow o,Sles 10 (6 SS9 S0 ¢ Jow ub)’yﬂ

\A4



oy | s, ol Wlolpsdioy Y-0

Olgs oo Lol el 0aiiS Jlgaal 5 iSuiols, aden slobs, b awslie jo livke)l mls ax 51

NSRS o | sla,lS o iagh s Sy ol plxl iz ol lp |y (6 i Sldllas

0y 2 &l e sladdlge 5l (6,5 o28ly Jow Cewl Sew ol adgi pplie o (s3lussB O
el slil ol (sl | (8 300 plotie 5 5 alls smnalie Wl gn (5306 e 5l
a8

Slols zlenl jo oSe5 gbm N-Grams i eolawl wisle i gyl i Jlesl O
&S ol 1) 6 s el e ol

Job o)l S5 slaws o,y ple polae (g5l 9 Word2Vee Joo el )y cw)pm O
SladS Jlo 40 (6,590 dgup el 0,0 g SllS glaiwd 09,9 «ledS (g3l po dajlo
Cols daly> sadadgs

ool 00l a8 8 a3 o 29,5 AelS slawd gl WU ke (DlelS gilwasds s 0 O
3,18 395 &y (ogaste 0315 oSGl 59,5 ;o (Sl dnge Jlade (L 4 5ls &S

aps gl 3 S5 Ll S 55 o sk Ll s ilaie Jsbo ai slajlsy 4K51 L O
S 10 Slajhe Bi> g (5950 e pealie Bl Gl Sl pwyp 4 LS &S Sed e
D9 g0 03D

—0aiiS plein g (e Olen a5 pedlie o e Gl g pedlie gl S50 LSLe sl O

3,5 ol eols olSSL 4o 0ez g ygie sl Ty diw Yo o S

YA



GloaSds sloosls (b= g olisS (5t sloosls oGl (59, 2 oolrinr lagbs, Jlesl O

5 A oz gools (oS o b o] guiainl 5 ganadss jsliie a4 slotrl
il oo ojem ol ol

55 ol 3 el (el (250l 5 lST00ls (sloo )57 25T 5L S (e aSST JJo 4y ©

S S o St Aoz 5| S0 Gloo )5 saled ;o (golgrin sloig, 5 eoliul

va



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

Lo ¥-0

R. Forsati, M. Mahdavi, M. Kangavari, B. Safarkhani, Web page clustering using
harmony search optimization, in: Can. Conf. Electr. Comput. Eng., 2008: pp.
1601-1604. https://doi.org/10.1109/CCECE.2008.4564812.

M. Steinbach, G. Karypis, V. Kumar, A Comparison of Document Clustering
Techniques, Retrieved from the University of Minnesota Digital Conservancy,
2000.

W. Zhang, T. Yoshida, X. Tang, Q. Wang, Text clustering using frequent
itemsets, Knowledge-Based Syst. 23 (2010) 379-388.
https://doi.org/10.1016/j.knosys.2010.01.011.

Y. Xiao, B. Liu, J. Yin, Z. Hao, A multiple-instance stream learning framework
for adaptive document categorization, Knowledge-Based Syst. 120 (2017) 198—
210. https://doi.org/10.1016/j.knosys.2017.01.001.

D.C. Edara, L.P. Vanukuri, V. Sistla, V.K.K. Kolli, Sentiment analysis and text
categorization of cancer medical records with LSTM, Journal of Ambient
Intelligence and Humanized Computing (2019) 1-17.
https://doi.org/10.1007/s12652-019-01399-8.

S.Z. Sajadi, M.A.Z. Chahooki, S. Gharaghani, K. Abbasi, AutoDTI++: deep
unsupervised learning for DTI prediction by autoencoders, BMC Bioinforma.
2021 221. 22 (2021) 1-19. https://doi.org/10.1186/S12859-021-04127-2.

T.A. Almeida, T.P. Silva, I. Santos, J.M. Gémez Hidalgo, Text normalization and
semantic indexing to enhance Instant Messaging and SMS spam filtering,
Knowledge-Based Syst. 108 (2016) 25-32.
https://doi.org/10.1016/j.knosys.2016.05.001.

Y. Djenouri, A. Belhadi, P. Fournier-Viger, J.C.W. Lin, Fast and effective cluster-
based information retrieval using frequent closed itemsets, Inf. Sci. (Ny). 453
(2018) 154-167. https://doi.org/10.1016/j.ins.2018.04.008.

S. Joty, G. Carenini, R.T. Ng, Topic segmentation and labeling in asynchronous
conversations, J. Artif. Intell. Res. 47 (2013) 521-573.
https://doi.org/10.1613/jair.3940.

J. Paparrizos, L. Gravano, Fast and accurate time-series clustering, ACM Trans.
Database Syst. 42 (2017) 1-49. https://doi.org/10.1145/3044711.

Y. Li, H. Guo, Q. Zhang, M. Gu, J. Yang, Imbalanced text sentiment

Ao



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

classification using universal and domain-specific knowledge, Knowledge-Based
Syst. 160 (2018) 1-15. https://doi.org/10.1016/j.knosys.2018.06.019.

M. Mohd, R. Jan, M. Shah, Text document summarization using word
embedding, Expert Syst. Appl. 143 (2020) 112958.
https://doi.org/10.1016/j.eswa.2019.112958.

W. Zhang, T. Yoshida, X. Tang, A comparative study of TF*IDF, LSI and multi-
words for text classification, Expert Syst. Appl. 38 (2011) 2758-2765.
https://doi.org/10.1016/j.eswa.2010.08.066.

S. Fouzia Sayeedunnissa, A.R. Hussain, M.A. Hameed, Supervised Opinion
Mining of Social Network Data Using a Bag-of-Words Approach on the Cloud,
Proceedings of Seventh International Conference on Bio-Inspired Computing:
Theories and Applications (BIC-TA 2012), in: J.C. Bansal, P. Singh, K. Deep, M.
Pant, A. Nagar (Eds.), Springer India, India, 2013: pp. 299-3009.

A. Jacovi, O.S. Shalom, Y. Goldberg, Understanding Convolutional Neural
Networks for Text Classification, arXiv preprint arXiv:1809.08037; 2018.

N. Kalchbrenner, E. Grefenstette, P. Blunsom, A convolutional neural network
for modelling sentences, in: 52nd Annu. Meet. Assoc. Comput. Linguist. ACL
2014 - Proc. Conf., Association for Computational Linguistics (ACL), 2014: pp.
655-665. https://doi.org/10.3115/v1/p14-1062.

Q. Le, T. Mikolov, Distributed Representations of Sentences and Documents,
Proceedings of the 31st International Conference on Machine Learning, (2014)
1188-1196.

H.K. Kim, H. Kim, S. Cho, Bag-of-concepts: Comprehending document
representation through clustering words in distributed representation,
Neurocomputing. 266 (2017) 336-352.
https://doi.org/10.1016/j.neucom.2017.05.046.

F. Gagliardi Cozman FGCOZMAN, M. Cesar Cirelo, Semi-Supervised Learning
of Mixture Models, ICML, (2003).

X. Luo, F. Liu, S. Yang, X. Wang, Z. Zhou, Joint sparse regularization based
Sparse Semi-Supervised Extreme Learning Machine (S3ELM) for classification,
Knowledge-Based Syst. 73 (2015) 149-160.
https://doi.org/10.1016/j.knosys.2014.09.014.

W. Zhang, Y. Yang, Q. Wang, Using Bayesian regression and EM algorithm with
missing handling for software effort prediction, Inf. Softw. Technol. 58 (2015)
58-70. https://doi.org/10.1016/j.infsof.2014.10.005.

R. Dara, S.C. Kremer, D.A. Stacey, Clustering unlabeled data with SOMs
improves classification of labeled real-world data, in: Proc. Int. Jt. Conf. Neural
Networks, 2002: pp. 2237-2242. https://doi.org/10.1109/ijcnn.2002.1007489.

W. Zhang, X. Tang, T. Yoshida, TESC: An approach to TExt classification using
Semi-supervised Clustering, Knowledge-Based Syst. 75 (2015) 152-160.

M



[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

https://doi.org/10.1016/j.knosys.2014.11.028.

W.H.LT.E.P.A. Per, Big Data : Beyond the Hype Why Big Data Matters to You,
By Datastax Corp. (2013) 1-16. http://www.datastax.com/wp-
content/uploads/2011/10/WP-DataStax-BigData.pdf.

M.A. Syakur, B.K. Khotimah, E.M.S. Rochman, B.D. Satoto, Integration K-
Means Clustering Method and Elbow Method For Identification of The Best
Customer Profile Cluster, IOP Conf. Ser. Mater. Sci. Eng. 336 (2018) 012017.
https://doi.org/10.1088/1757-899X/336/1/012017.

A. Alrabea, A. V. Senthilkumar, H. Al-Shalabi, A. Bader, Enhancing K-Means
Algorithm with Initial Cluster Centers Derived from Data Partitioning along the
Data Axis with PCA, J. Adv. Comput. Networks. 2 (2013) 137-142.
https://doi.org/10.7763/jacn.2013.v1.28.

W.H. Gomaa, A.A. Fahmy, A Survey of Text Similarity Approaches, Int. J.
Comput. Appl. 68 (2013) 975-8887.

P. Rodriguez, M.A. Bautista, J. Gonzalez, S. Escalera, Beyond one-hot encoding:
Lower dimensional target embedding, Image Vis. Comput. 75 (2018) 21-31.
https://doi.org/10.1016/J.IMAV1S.2018.04.004.

S. Fouzia Sayeedunnissa, A.R. Hussain, M.A. Hameed, Supervised opinion
mining of social network data using a bag-of-words approach on the cloud, in:
Adv. Intell. Syst. Comput., Springer Verlag, 2013: pp. 299-309.
https://doi.org/10.1007/978-81-322-1041-2_26.

C. Manning, H. Schutze, Foundations of statistical natural language processing,
MIT press; 1999 May 28.

R. Baeza-Yates, B. Ribeiro-Neto, Modern information retrieval, New York: ACM
press; 1999 May 15.

L. Wu, S.C.H. Hoi, N. Yu, Semantics-preserving bag-of-words models and
applications, IEEE Trans. Image Process. 19 (2010) 1908-1920.
https://doi.org/10.1109/T1P.2010.2045169.

P. Kolari, A. Java, T. Finin, T. Oates, A. Joshi, Detecting spam blogs: A machine
learning approach, Proceedings of the national conference on artificial
intelligence (Vol. 21, No. 2, p. 1351); MIT Press; 1999.

A.Huang, Similarity measures for text document clustering, Proceedings of the
sixth new zealand computer science research student conference
(NZCSRSC2008) (Vol. 4, pp. 9-56); 2008.

T. Hofmann, Probabilistic latent semantic indexing, Proc. 22nd Annu. Int. ACM
SIGIR Conf. Res. Dev. Inf. Retrieval, SIGIR 1999. (1999) 50-57.
https://doi.org/10.1145/312624.312649.

S. Deerwester, S.T. Dumais, G.W. Furnas, T.K. Landauer, R. Harshman, Indexing
by latent semantic analysis, J. Am. Soc. Inf. Sci. 41 (1990) 391-407.
https://doi.org/10.1002/(S1CI)1097-4571(199009)41:6<391::AlD-

AY



ASI1>3.0.CO;2-9.

[37] DM. Blei, AY. Ng, Ml. Jordan, Latent Dirichlet Allocation, The Journal of
machine Learning research; 2003.

[38] S. Lai, K. Liu, S. He, J. Zhao, How to generate a good word embedding, IEEE
Intell. Syst. 31 (2016) 5-14. https://doi.org/10.1109/M1S.2016.45.

[39] T. Mikolov, K. Chen, G. Corrado, J. Dean, Efficient estimation of word
representations in vector space, in: 1st Int. Conf. Learn. Represent. ICLR 2013 -
Work. Track Proc., International Conference on Learning Representations, ICLR,
2013.

[40] D. Guthrie, B. Allison, W. Liu, L. Guthrie, Y. Wilks, A Closer Look at Skip-gram
Modelling, INLREC (Vol. 6, pp. 1222-1225); 2006.

[41] C. Xing, D. Wang, X. Zhang, C. Liu, Document classification with distributions
of word vectors, in: 2014 Asia-Pacific Signal Inf. Process. Assoc. Annu. Summit
Conf. APSIPA 2014, Institute of Electrical and Electronics Engineers Inc., 2014,
https://doi.org/10.1109/APSIPA.2014.7041633.

[42] P.D. Turney, P. Pantel, From Frequency to Meaning: Vector Space Models of
Semantics, J. Artif. Intell. Res. 37 (2010) 141-188.
https://doi.org/10.1613/JAIR.2934.

[43] L. Cao, F. Wang, Robust latent semantic exploration for image retrieval in social
media, Neurocomputing. 169 (2015) 180-184.
https://doi.org/10.1016/J.NEUCOM.2015.02.082.

[44] Z. Cui, X. Shi, Y. Chen, Sentiment analysis via integrating distributed
representations of variable-length word sequence, Neurocomputing. 187 (2016)
126-132. https://doi.org/10.1016/J.NEUCOM.2015.07.129.

[45] B. Xue, C. Fu, Z. Shaobin, A study on sentiment computing and classification of
sina weibo with Word2vec, Institute of Electrical and Electronics Engineers Inc.,
2014.

[46] L. Van der Maaten, G.Hinton, Visualizing data using t-SNE, Journal of machine
learning research; 2008.

[47] A.M. Dai, C. Olah, Q. V. Le, Document Embedding with Paragraph Vectors,
arXiv preprint arXiv:1507.07998; 2015.

[48] P. Li, K. Mao, Y. Xu, Q. Li, J. Zhang, Bag-of-Concepts representation for
document classification based on automatic knowledge acquisition from
probabilistic knowledge base, Knowledge-Based Syst. 193 (2020) 105436.
https://doi.org/10.1016/j.knosys.2019.105436.

[49] X. Luo, S. Shah, Concept embedding-based weighting scheme for biomedical text
clustering and visualization, Appl. Informatics. 5 (2018) 1-109.
https://doi.org/10.1186/s40535-018-0055-8.

[50] C.Jia, M.B. Carson, X. Wang, J. Yu, Concept decompositions for short text
clustering by identifying word communities, Pattern Recognit. 76 (2018) 691—

AY



703. https://doi.org/10.1016/j.patcog.2017.09.045.

[51] S. Basu, I. Davidson, K. Wagstaff, Constrained clustering: Advances in
algorithms, theory, and applications, CRC Press; 2008.

[52] S. Basu, M. Bilenko, R.J. Mooney, Comparing and Unifying Search-Based and
Similarity-Based Approaches to Semi-Supervised Clustering, Proceedings of the
ICML,; 2003.

[53] M. Lu, X.J. Zhao, L. Zhang, F.Z. Li, Semi-supervised concept factorization for
document clustering, Inf. Sci. (Ny). 331 (2016) 86-98.
https://doi.org/10.1016/j.ins.2015.10.038.

[54] 1. Diaz-Valenzuela, V. Loia, M.J. Martin-Bautista, S. Senatore, M.A. Vila,
Automatic constraints generation for semisupervised clustering: experiences with
documents classification, Soft Comput. 20 (2016) 2329-2339.
https://doi.org/10.1007/s00500-015-1643-3.

[55] P. Li, Z. Deng, Use of distributed semi-supervised clustering for text
classification, J. Circuits, Syst. Comput. 28 (2019) 1-13.
https://doi.org/10.1142/S0218126619501275.

[56] M.A. Masud, J.Z. Huang, M. Zhong, X. Fu, Generate pairwise constraints from
unlabeled data for semi-supervised clustering, Data Knowl. Eng. 123 (2019)
101715. https://doi.org/10.1016/j.datak.2019.101715.

[57] H.Gan, Y. Fan, Z. Luo, Q. Zhang, Local homogeneous consistent safe semi-
supervised clustering, Expert Syst. Appl. 97 (2018) 384-393.
https://doi.org/10.1016/j.eswa.2017.12.046.

[58] T. Mikolov, I. Sutskever, K. Chen, G. Corrado, J. Dean, Distributed
Representations of Words and Phrases and their Compositionality, Adv. Neural
Inf. Process. Syst; 2013.

[59] C. Buchta, M. Kober, I. Feinerer, K. Hornik, Spherical k-Means Clustering,
Journal of statistical software 50, no. 10; (2012).

[60] S. Robertson, Understanding inverse document frequency: On theoretical
arguments for IDF, Journal of documentation. 60; (2004) 503-520.
https://doi.org/10.1108/00220410410560582.

[61] A. Strehl, J. Ghosh, R. Mooney, Impact of Similarity Measures on Web-page
Clustering, Workshop on artificial intelligence for web search (AAAI 2000);
2000.

AY



Data Mining

©9S ooy

Topic Modeling

Erore S Jow

Text Representation

e sialed (e (2lesil

Spell Correction

Flg SlolS wadys SlalS

Stopwords
Text Canonicalization Oy 50,5 Blee
Tokenization &8 «ilas
Stemming b 4,
Part Of Speech g s
Chunking OO, 4S5 4SS
ST Ry

Shallow Parsing

Named Entity Recognition

Token alss
Inflectional <
Morphological oled S,
Gl Rl oSl

Lexical Knowledge Base

Numerical Feature Vectors

goae Sy sy

Semantic Quality

AD




Statistical Quality

G)LJ oS

Bag-of-Words SlelS s
Concept PR
Mixture Model bola Jos

Components =
Sparsity «;w
FUN LIRS

Term Frequency

Normal Mutual Information

wole blate cledb|

Mean Squared Error

Slas o (5 Skeo (sla>

Parse 4 0
Word Embedding SlelS apes
Distributed Hypothesis &5 Samd B
o5

Node

Semantic Word Communities

Pairwise Constraints

Ca> sl Codgaze

Retaining Ratio

=




BoW Bag of Words SlelS” ans
CNN Convolutional Neural Networks oelggls (gmas 4L
RNN Recurrent Neural Networks iS5 mas AL
‘ . - .
Term Frequency and Inverse Document S, poglaamanls oluz,
TF-IDF
Frequency S
NMI Normal Mutual Information @ole bl Sledb|
@ole sllas Slaye (125le
NMSE Normal Mean squared error
AW
BoC Bag of Concepts redlie dusS
SSConE Semi-Supervised Concept Extraction potie U ded el
SSCIusE Semi-Supervised Cluster Extraction abs i e zl Sl

AY




Abstract: Text clustering is used in various applications of text analysis.
In the clustering process, the method of document representation has a
significant impact on the results. Some popular document representation
methods based on the Bag-of-Words (BoW), depend on the word frequencies
and can produce large and sparse document vectors. In addition, embedding-
based methods such as Doc2Vec, which preserve the proximity information,
suffer from low interpretability. These challenges have been largely
addressed by the introduction of concept-based methods. The existing semi-
supervised document clustering methods do not use the more recent concept-
based representation of documents. Therefore, this paper proposes a concept-
based semi-supervised document clustering approach that uses both labeled
and unlabeled data to yield a higher clustering quality. The documents are
represented based on the concepts extracted from the set of embedded words
in the corpus. This representation preserves the proximity information of
documents and improves interpretability. The semi-supervised clustering
process uses unlabeled data to capture the overall structure of the clusters and
a small number of labeled data to adjust the centroid of clusters. We also
propose the notion of semi-supervised concepts and a new method of
clustering documents based on the weights of the concepts. The clustering
results of this method are compared with the actual semi-supervised
clustering of documents. Experiments on two sets of text data, Reuters-21578
and 20-NewsGroup, demonstrate that the proposed method performs at least
10% better in terms of clustering quality and at least 5% in text classification
accuracy than several existing semi-supervised and unsupervised
approaches.

keywords: Machine learning, Semi-supervised, Concept extraction, Word
embedding, Document clustering, Concept-based representation
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