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Abstract With the emergence of three-dimensional data in the network, the advantages of triadic concept analysis
(TCA) have been reflected gradually. As a relatively new field, TCA has a bright prospect. This paper proposed a text
classification algorithm based on TCA, which is a novel idea and a development of TCA in application aspect. The main
idea of this algorithm is firstly preprocessing the dataset so that we can convert it into triadic context, meanwhile extend
the binary relation in the context to a fuzzy value between 0-1 which represents membership degree about attribute for
object under certain conditions, Based on this, we can build triadic concepts and utilize it to express the ternary relation
among text, term and category. Then, combined with the approach degree in fuzzy theory, we can analogize the similarity
formula of triadic concepts,accordingly calculate the training set’s similar value about triadic concept for a new text,
Compared to support vector machine(SVM) , K-nearest neighbor (KNN) , convolution neural network (CNN) algorithm

and classification based on formal concept analysis model, the results indicate that the proposed model in specific dataset

is effective and achieves a better performance,
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Il Ls ). ¥ rs = oS Mt A el L, 3 78 2 et R &
REFERRTTARAEFHERURES =T-£1
¥, AIMI| Z2BR=TERETFHNE, | NI Fr=m-%
FA . ME=STERETREERNEINENEET X
A ST HAE, AT AR E R BENOC Ly || = [ Lo ||
| Ls [ h MBEFRNRERIZRENR OCIMI « L ). 5
F=IE R =T AN R E R OCIN | «(Ls ). B
I, i3 # 2 MR E 2N OCIILy |l % 1L || % IL; ). 72
3 PR RIE 2 FEBR TR SR/ NREBEREN =
FHE, R AL EERER RN BN ZTEESEs =
TTE SRR AEXNRABE, A OCIL I+IL: | *IE ).
ZEREZTHETHREREME—ESINTF=EF R
MEGBHEN A B E Reor WAt E & E /DT
OCHLy | = 1L | = IE N ). rit# 4 B9EhTD AT 50, % IBAR IR
HRMBN KR HE LW =ocHr, HEERE N
OCIILs I * [E |, Hit 72 4 f9RHEIZ 22 /NF OCHIL; || »
IE | ). FTCA BB BB h bk 4 MESM AL, Mk 1—
8 3 A REEANIIGEEETAEAT S, 32 4 25
LAY AHR Gy, B2 1 — 378 3 X — AR 1a) & A4 B AT
ARR A OCCILy || % 1Ly | % [[Ls [| )+ IILy || % Lz || =
IEN, SR 4matEERENOCIL || x | E),Hik
FTCA BERIBRT RIS 248 3 OC2C |ILy || % 1Ly || % |1 Ls | )+
WLy 1% lLe % E T 4 ILs =1l E (1) BP S5 5k i B ) B 2%
BEROCILy [ *[ILy | *MaxC | Ly ||, | E ), ZE—RIE
UL TESEPRERMERBEE B, 285 B R B B — e /D TR 5
TGN =TS 1L | —=2AF IEN By
TR FTCA Bk s B2 E— & /NF OC|IL, || *]IL, ||
IE ),

4 LHEHH

T = eS0T B SCAR S BB B R A SR i — R
BR, Oh T BAE R M A R, 4 5 B AT AT B IR
R CNNBESZ2BYES %I B SIMX B RAGE
KEEME AT EG libsvm TEA) KNN & 5k U B AL
R FTCA BIEIX 4 F 5 i 7640 18] i o SO 48 B 30 AT
SLHe X b 8 A Claudio Carpineto 45 A4 th (92 FIB XM A&
ST CL-SVM 43 28 8000 M S 35 OB S i <t BR 4. X

B SR 4 R AR MERR 3R (Accuracy) TR AR HER B BB EE 0
PERETD . AT RS — IR SE 38 A I R A2 AN i 4R B B AL
BRIV SRR E, M EHBIEEE M 10 K42, JHEX 4
R B R % (Average Accuracy) ,

XELE R RS E AT UL, Hod CNN B394
AR SHON /M FEVLEL, BOE B8R tanh, R R4 4k $E
A 3B FEEERFER 2T BRE AR EE -
P EBEEREA 36080 MHET. E_RERER
2880 MEEIL, EZ R FIFRAE 720 MMETT; EFE S
EAEHREF . E—EF 14440 MHLIT, B EH 1280 4
MZIL, E=EH 320 MHETT. SUMBEEALLERESRE
R A2 19 RBF # 5R%; KNN B8 K EECY 5.

EIREE . 3. 4GHz CPU,4GB N1, Winl0 #{E R & , f#F
A Java LW F HLAT B,

4.1 EIEE

R Fe s BAEZAR R A ot 4 3 FE A A P SCBUE
£ K — P SCRAR SEHEAT X LIRS . A BB =0
SEBEMRCE, ERUMUERES . Fat, ARIETLEKR
B SCBEEE S R AR B ICTCLAS #3438 RGNS
AT Ab B,

4.1.1 FeXFHES

WX ARG RKIEMERHEBCHTENEESERRER
FRECHE R RO B ARTE S AL/ NV B B RO DR TE R E . FATTHE
PLZE P LA 5 AN 2851, K SUARER 80 V6 2 Bl iy A A )|
R A 20 0 EAINREE . B SRS B 7RI ]
HE FTCA IR ER RN . EBUEIEFFELECH 4500,
4.1.2 #HEHESE

BEEHE R R R W S, S SCA Y S 2B R, TR B Y
REEBEM, LA 6 25 (6-class) , 4+ SRS T |
TG EE TRES] L RIFIR S MR RR R, %
A R WTEE, B 72 WA 1% E AR R IE L T SUA %
B XL R, AR AN BN A R S s & FT-
CARA G2 M2 I B R WEGE. SRS Iy EE
AN A R A E SRS SRR HLIIER 6 K, B EAN 2B
P R B SCAS A A 15 85020 5.25 .30 .35 B AN 40
. ERR2E 5 b U SRR O] SRR ) P A8 XL BR IR ik DL
413 BIBENL AT B, MR BIESE 6 A HIM B ML 4
FiFl.

F£ 4 MIRBARLE 6-class BB M

Number
Dataset .
(per Category)

Total number Feature

of Text dimension

D1 15 90 420
D2 20 120 550
D3 25 150 680
D4 30 180 760
Db 35 210 950
D6 40 240 1200

4.1.3 PXHEHKESE

B SR R A S50 T AR SUA I R R SR B R
e, BRZ AN SOl AR e BB A D BB
ZRA. aAlFEYLE P B 8 RN (U & 1T (@ FE Ik
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B JREHE EE. ) 6 FRAI (WA T KT HF.
BE SO 4 BHEFN (M & ITHEF BEO#TER. #
BUB RS, B WEENF U EH fF R T30 5 E 3+
LR R, B A ] A8 R 26 5 A oA B B 34y
HEEFRWER, R, RA k-fold MBFENLEZEIE L4 18
He B 43 SR U SR A A .
4,1,4 20NewsGroup ¥ % 3EE

LIRS REAN . FERT XA S AYN 5 R
M EER, AR B EBR . EBS 3ok 6 ] 4
F I BEESR , B 8 AR B, |25 5 BIREYLAM IS B 46
RIM XA HTHENE, HT =S REE R SS
TR bR R , R BUL SRS 8 B Y RAE FTCA #iR
S5RFEREEMT ARG HEEE CL-SVMEIFEXS H, T
BEFERIMTRE R,
4.2 XRERS5HH
4.2.1 AXFkbH ARG K

EE B REYPERE, AR F R U 42 R 45 R 0
% 5 Fr3l,

#*x5 HHR¥EBEEMNIBERERER/ X
Method

Dataset Accuracy

FTCA 84. 45

Fudan University CNN 85. 00
5-class dataset SVM 80. 00
KNN 76, 67

M 5 ATLVEH, X TE B REHESE, FTCA kg
4t SVM #l KNN Bis i 28ER R E R, IER LT 2 A
By, SUERET, KNN 85550 K8 R SRS P X 8
%, CNN B KPR RN RIFH. £S5 CNN H#%
HeAERT , FTCA BRI 43 2MERR R S5 AR 0. 5 ME S A
X B TR SR AR, &P R RN
AR HHAWRBENEERS  BE NS RHIFHREAR
B TS AT E M, BB IIEE Re.rit&
AT Z TUARE, AT IR R g K= T, RES
CHHIE FTCA $ERIE bR U7 3 B A BB RAF Y 5 2%
BOR S HR 5P M B T AR TR 85 JSRE R Bk
T,

B » DS — TR R B T B AR SR S 5] P T AR Y 2R
BABRET , &30 i 19 FTCA HERF M, SR BHH
oy B A L R R 0 B R

Xt FRRIEEIRSE 4 FARRI &M RHERRERINE 6
B3,

6 IRIFUR 6-class BUBEM TR/ %

Text classification D1 D2 D3 D4 D5 D6
CNN 66.67 65.83 70.00 67.57 76,20 79.17
SVM 61,11 68.51 6821 69.62 70.90 71.83
KNN 55.56 62,50 62.04 61.21 63.17 64.58
FTCA 65.51 68,94 71.94 74,13 72,11 71.91

TR 6 Frol%uR, A S B s, 4 fAR R 7 %
B4 S HE R R PR AR AL R AT p ST R P SR 3R, A 2 B
MK 6 BZER PRI D1 —D4 BURRBEAT T, HARER
WE 3 FiR.

80

—

3
o

=3
S

—e—CNN
—=—SVM

a

ARERE/%

~+—FTCA

//\\/‘/
/

DI D2 D3 D4 D5 DB
KARBEN N B R

B2 SRERERFIFHETHELEEE

g

NN svM " Frca

E 3 HEREN FFEXFHE T 8380 B

ZEE 2 ME 3P RRKNERTUE N, ERIFEEIEN
NEEEHR FTCA MR T EHEBMRF KNNESE. BHY
SVM BERI 3 HKEE ST L BEGE  IE R E A HA . HEN
EF A B R, T 26 3 B0 R T S A3 B R R 1
L, KNN Bk R EERX 4 MR EREL, Rat FT-
CA B 57 D1—D6 EE H HER R T SVM #1 KNN
B, U0 FTCA B SR ENB R A B BN =T
BRREFFXARMTE. 8% BEEE L EN =TT
WS, MERES SEU RS S XA Z M EEXER,
FI TR A SYN ST 2 R, ST Sl E
EERE—FELENITR, FTCAERME T =S4T
Xt A R YA B AR A R — R B B R — R,
ST BRI B RS BEE SR BB RV IE 4 S X
. K BE R EANZE B, 4k T X T EEE 8RR A BT
#®7t,

B2 4 AL FER R DI RS , B XA E
W AHEEBEERK LA EEE 2 BAKASTH
SVM B &M KNN BEMBHENE EFEHE RHE—~E
EEASGEENE NSRS R RO HERE; Ay CNNE
ERSRE SRR SEERBARE. HE 37H,FT-
CAEGHENERENE OERELERS FH . BET
9 ANE A 7E Db #1 D6 BIEE T E SRR R T SVM
1 KNN B3, BEF CNN &#:, U8 FICA Xf THFE4E
R =T ER TS EE.

MEE R IR S SR R U Rk E B A
RLAHT i, FTCA BBk fE R & A S0GE BN iy [ B, 4325
1 3R A0 7E 72 7 $ 755 » 0. B 7 e R VI B A A A O 1R L
F.FTCAERE T EERE.

FIFPIT 4 MARR DA X TR AER R
EENEREWLER. AR 7T TURS, EXFRBIEEN
AT E AL FNAS XN, FIEEERTEM
SVM #il KNN FiEiE £ CNN 7, FTCA W A RS
B4 2530 , R ERTT DUIE B0 HE ) FTCA BB R .
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Text Method of Text Classification
Category "
Number CNN SVM KNN FTCA
180 69. 45 71.46 65. 07 83.02
200 77.50 76. 56 65. 50 79. 44
4-class 240 72.92 74,02 66, 54 79. 00
280 68. 43 75. 50 70. 81 78. 90
300 65. 00 75.54 73.16 81.97
180 69. 45 67.59 60. 26 72.98
240 70. 94 69. 46 60. 95 78. 24
6-class
300 69. 67 69. 06 58. 33 71,97
360 70. 94 68.72 60. 63 71.03
200 50. 00 58,01 53. 47 60. 00
240 60. 00 60,08 56, 25 63,00
8-class 280 62. 25 63. 69 55. 36 62. 36
360 69. 45 63. 46 56, 78 65. 38
480 63. 50 60, 15 53,13 60. 20

AT MRS SO B B AR R R OO T 250 E X
BARBIRN , 25 B SCA R O 240 R0 4 Ry IETE UK,
FRHEANAKE SRR E, I 4 Fi7R .

90
£
70
$ o
% 50
@ 40
*
3
10
04
CNN  SVM KNN  FTCA
XAKHEE

B4 REIZANEE T 2R R EX L

DB 4 RTLLE W L, ESCA S B M R ATER T, 22 514
BX LI HR R MR ILR R, B4 BREXEEEHN
240 FEAT 4 PR BRI SRR 4 FEHET R Y
KIBREMR. BTFRINME M CEEEARE IBAETHL
GG @S A SR - A ol =R SN IE % Ei Fiok S =k
SAHRWD, THAE B W LLES A, B L5 28R 54
TR, REXSPXAKE B, BEXF FTCA #
AL U B — RN E B R BENE S, DR TR 2 51
FRAE , ISR R A A B RAE B, T X Hue s 425,
FRUA FTCA B R R R FH AL 3 BB, 13K
PR LA, 30 A B MRS T , 2425050 B & 8
N, % FICA B B A RB N RERER,
4.2.2 AXFEBRE I ek

& 8 45 T X F 20NewsGroup F U H#E4E , T 4
A HED: CLSVM SR F=tHME M RE

% FTCA MR T L& R,
£8 FTCA Y5 CL-SVM BRI SRl EXT H/ %
40docs 80docs 120docs  160docs

linear CL-SVM 71.79 65. 00 69. 09 76.42
gaussian CL-SVM 71.79 66. 25 70. 00 77.14
FTCA 70. 84 68, 75 70. 83 77.20

BT 8 AILEH , Ao R Fedd CL-SVM gy
R R FE B CL-SVM §ERL, FTCA #R B985 B B iF 59 4%
FKRR, M 4 BRI LR AT M, BB SRS H BZ #
L, FTCA M KR A —ERE WA,

B U AT AR e TR BR S L BT = O i

NEEENDPLBEE R TR ST R ERES,
IFB 5 A RS TIEML, FTCA BB K R F i
WO T =SSP HnFGEE B—RERRELHNE
KABF AR RXRERAMLE.

TR E B N SRR S8 T 4 Ee B T4, ik Y B B
FEABEAMREM Eh Li Qang £ WE TABIKHE
W SEBE B 5 (CFCDYN, Ho i v B B = A B 80. 10%,
AT TSR RA CFCD AT aUR T, &
THREAR SR RAAR PRI B R G T BBENE
B, HEABEE ST R TR/ SR RS A
B W T AR RS,

4.2.3 FE#EEE FTCARA T 645478 14)

S 3CER[ 23] P X B B B RE AT 40 HT, X FTCA #E R 34T
BATE R 0T . S B B BN B — s (B AR B B A ki
B4 2, R XA H —EMA S BRI E 3, Hp
BAEE 3 % 4-class i 8-class FUBEHE BT AT AR L4347,

F 3. 4 5 O SRR A ] B 2% BE A 40T PT A IR B 5B
TTEFTR] 43 R WA~ B, 3 — S HU R X 4t i B R T b 2
AFER AT TF-IDF 4038, =58 B A0 L. = o &
FRE LA B SRR IE R R MR 2 5 58 /IS IO o 100 i 3K
A ArEE, SN X KR H AT B R A BT SRR A 2 ik
FARBIEE 3 MORERT SR A0R 9 Ak 10 FT5,

#9 FTCAXMEIEE 2 MFERER/s

BEK2  FAEEE o % 5t 5]
D1 8. 051 0. 452
D2 9.823 0. 806
D3 49. 679 1. 445
D4 101. 350 3.090
D5 1460. 238 5,351
D6 1108, 404 4. 247

# 10 FTCA XML 3 WFEMER /s

¥EE3 WAL B ] 2R
4-class X A& # 200 124, 270 4. 006
8-class XA # 200 104. 113 3.261
4-class X AH 240 165. 432 5. 130
8-class X A& # 240 165. 304 4.973
4-class XA # 280 297. 584 10. 27
8-class X K ¥ 280 240. 733 8.596

MZ 9 FiZ 10 AT LUF ), FTCA #RUZE WiAb 38 A 4325
BTl #E R (8] S R SCA S B R i & . K 9 shal LU
PR B th 4 S I [B) B2 2 490 e 4 I A B ) R AR B 2 X
R THE AL BB B B SUA K E #9380, = TeE SRR B
AECRSEAN RO ZT0ALE B BOS SN, ST
BERE , AR AR FE TR R . R LRI AL B 1) 2 ¢
{ELHE X $ B A ] ELXH R R A — BO B8 HasE AT — Ik BiAb 3
AT LI AR IR R HAT S KM E . 105, Aipk
T4k HR i 18] 38 R 7E 43 SR 8] L, A 1R 26 50 B0t F 48 ) S0 A $
H B R UCFER M Z R £, R 2 5180 H 89 i /N T =
TOREE BN, R AE e B 4R rh R AL B 28 51 % B %% FTCA
HERUFERT BRI A K

GZEUL 3 MIABIRR M LR AT LR, 528
Bk AT SN S MRk L K CL-SVM BRI .,
A SCH A FTCA B HE 7R 8758 MOS0 S P I BUR T 88 i
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FRIEH FICABBER KM, WE—&K4F T WEEER
SeabBE, RN T M MME B4R B T B = Ok
P AR — BRI ERL T A AR AHE.

EFRIE ACRBT -MET= 7S SEE
WSS ARG R, TEMR T AR XARIESE
L HEENZE =TT R URHA R R BN =TSR B
28 ORI FIE N 6 R AR B T B R = T
FTCA A RAHPIRE, H A H Z 0 X R XA K iEhE
AR =TS, WA SO HIT 2. FTCA R
EHBEEX =t T MY R, MERILER% T R B %
PRUE T HT A RS, 1 oh =TT RN B T AR, S A
W EAT AR AR,

BAR= TSN ER RN EREIE,{H FTCA #HA &
M ETTEE S TEM AT RERE EARZA, R
HUBCE it — K, RRAE4E BE (938 K3 43 25 UR 3 i
AR — 4R, F—5 TAERMIZRE, BEEGZEHE
REBEEIET , 1 0 A F 2R R AR B B L 28
75, TR B G feD i B AR B R S s Bl 08 = T B Rl
BRRMPFRF .

2 % x W

(1] LEHMANN F,WILLE R. A triadic approach to formal concept
analysis[ C] // International Conference on Conceptual Struc-
tures; Applications, Implementation and Theory (LNCS954).
Heidelberg: Springer-Verlag, 1995 32-43.

[2] GANTER B, WILLE R. Formal concept analysis: mathematical
foundations[ M. Berlin; Springer-Verlag, 1999 66-68.

[3] BELOHLAVEK R,GLODEANU C,VYCHODIL V. Optimal
factorization of three-way binary data using triadic concepts[J .
Order-A Journal on the Theory of Ordered Sets and Its Applica-
tions,2013,30(2) :437-454.

[4] TANG Y Q,FAN M, LI J H. Cognitive system model and ap-
proach to transformation of information granules under triadic
formal concept analysis [ ]J]. Journal of Shangdong University
(Natural Science) ,2014,49(8) :102-106. (in Chinese)

DR, K. 8%, =R TR REER &
HEREA T % [J] WARKFEER GEEM, 2014, 45 (8);
102-106.

[5] WEIL,WAN Q,QIAN T,et al. An overview of triadic concept
analysis[ ] ]. Journal of Northwest University (Natural Science
Edition),2014,44(5) : 689-699. (in Chinese)

B, TE. B8, % S uBaa R I REER(E
SRBFHERR 2014, 44(5) ; 689-699

[6] CARPINETO C,MICHINI C,NICOLUSSI R. A Concept
Lattice-Based Kernel for SVM Text Classification[ C] // Formal
Concept Analysis, International Conference ( ICFCA 2009).
Darmstadt, Germany, 2009 ; 237-250.

[7] BELOHLAVEK R,BAETS B D,VYCHODIL ] O V. Inducing
Decision Trees via Concept Lattices[J]. International Journal of
General Systems, 2009,38(4) :455-467.

[8] KANG X,LI D,WANG S. A multi-instance ensemble learning
model based on concept lattice[ J]. Knowledge-Based Systems,
2011,24(8):1203-1213.

9] LIS T,TSAIF C. A fuzzy conceptualization model for text mi-

[10]

[11]

[12]

[13]

(14]

L15]

(16]

(17]

(18]

[19]

L20]

L21]

[22]

(23]

ning with application in opinion polarity classification[]]. Know-
ledge-Based Systems,2013,39(2);:23-33.

LIS T, TSAI F C. Noise control in document classification based
on fuzzy formal concept analysis[ C]// IEEE International Con-
ference on Fuzzy Systems (FUZZ). 2011;2583-2588.
POELMANS J,IGNATOV D I, KUZNETSOV S O, et al. For-
mal concept analysis in knowledge processing: A survey on ap-
plications[ ] ]. Expert Systems with Applications,2013,40(16);
6538-6560.

LIU G J, WANG W Y. Research on the application of concept
lattice in intelligent learning[ C] // Cross Strait Quad-Regional
Radio Science and Wireless Technology Conference ( CSQR-
WC),2011. IEEE, 2011:1499-1501.

PRISS U. Formal concept analysis in information science[]].
Annual Review of Information Science & Technology, 2006, 40
(1):521-543.

BELOHLAVEK R,GLODEANU C,VYCHODIL V. Optimal
Factorization of Three-Way Binary Data Using Triadic Concepts
[J1. Order-A Journal on the Theory of Ordered Sets & Its Ap-
plications,2013,30(2) ;437-454,

IGNATOV D I,GNATYSHAK D V,KUZNETSOV S O,et al.
Triadic Formal Concept Analysis and triclustering: searching for
optimal patterns[J]. Machine Learning,2015,101(1):271-302.
TADRAT J,BOONJING V,PATTARAINTAKORN P. Buil-
ding classification rules for case-based classifier using fuzzy sets
and formal concept analysis[ C] // International Conference on
Soft Computing As Transdisciplinary Science and Technology.
ACM, Cergy-Pontoise, France, 2008 13-18.

FORMICA A. Concept similarity in Formal Concept Analysis:
An information content approach[]]. Knowledge-Based Sys-
tems, 2008,21(1) .80-87.

LI Q,HE L,LIN X. Dimension reduction based on categorical
fuzzy correlation degree for document categorization[ C]// IEEE
International Conference on Granular Computing, 2013.186-190.
LIU X J. Study on the Construction Algorithm of Concept Tri~
lattices and Its Application [D]. Xi’an: Xidian University,2013.
(in Chinese)

XA M= OSBRI AMRID]. AR . HERT
FHBIA %, 2013,

ZHANG Z,DU J, WANG L. Formal concept analysis approach
for data extraction from a limited deep web database[J]. Journal
of Intelligent Information Systems,2013,41(2):211-234.
TRABELSI C,JELASSI N, YAHIA S B. Scalable mining of fre-
quent tri-concepts from folksonomies[ M ] // Advances in Know-
ledge Discovery and Data Mining. Springer Berlin Heidelberg,
2012.:231-242,

FENG G H. Review of Performance Evaluation of Text Classifi-
cation[J]. Journal of Intelligence,2011(8):66-70. (in Chinese)
FEM. XA SREEITFMPIFI] BiRIE,2011(8) :66-70.
CHAI Y M,ZHANG Z,WANG L M. An Algorithm for Mining
Global Closed Frequent Itemsets Based on Distributed Frequent
Concept Direct Product [J]. Chinese Journal of Computers,
2012,35(5):990-1001. (in Chinese)

ST, e, TARE. BT IR AL E TR 4 70 1 2 R A ST
SEEEBEE] HEYIEER,2012,35(5):990-1001.



