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Optimized k-NN Text Categorization Approach
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Abstract As one of the most classical TC approaches,.-NN is advantaged in tackling concept drift. However, to avoid
curse of dimensionality,it has to employ FS(feature selection) method to reduce dimensionality of feature space and im-
prove operation efficiency. But FS process will generally cause information losing and thus has some side-effects on the
whole performance of approach. According to sparsity of text vectors,an optimized 2-NN approach was presented in pa-
per. This optimized approach greatly simplified euclidean distance model and reduced the operation cost without any in-

formation losing. So it can simultaneously achieve much higher both performance and efficiency than general 2-NN ap-

proach. It then enhanced the advantage of 2-NN in managing concept drift.
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HARERS AR TRUZERA#H,

F-B AR (B-NN) B 548 1 4% % 3 & (lazy Learner) 43
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SREL, LIRS &8 BB (5 8 BT g 30 A , AT
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kNN HILTE 20 42 60 FRMELB A TERKEEN
SEFED, ERVEMMESEE B ERAHE, A
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ERAAHAEN. 55 L, ERBRSMA. o, mE
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SR, e-NN B RHA P EFRAOsE—EFK
TBEREEX G2 # L4 (Query Instance) BE4T 4338
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B, EET &-NN BRI ESRREP . N TREE
TR, RaT W T 84 ) P4 B JOHE (Curse of Dimension-
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formation) \ R GEiH(CHD , %%, Hh L 1G #1 CHI %R

B Q9705 B4, BRE TR, CCF 2445, EEMR ST BN A . ML %E 4, E-mail: yanpeng@mx. cei, gov. cn; 35 Wk
1951—=), ¥4, MR, TEAREB I NE SHFERES REBQ972—), B, 8+ . TEHRM N A RS ER B FHS BFHF.
RERELS, HEBA77), B, AR A, FERRTE T ANLZ L 5MEEL.

« 217 »



HBEFe.
BAEXR, YRR T NN BRI XA S KRG, —BH
MO 1 Frmrn AR,

WEEEH XA HOERHES VMBAEZH FXRAN%ER
1 #EF -NNEEH IR REHN— BRI AR

1.2 $HERFHFEMNEES

FAE R R 2 T v B — 3B U T] 81, & ] LA B £-NN 43
ARHEHAH REILETHE AR EHREsEBER
] {71 7«

DAFIFREHAB AL B SEB A,

H A MR F R A LR AR R EOL, ETA N
FHE R ERE 20 VAL R 5 — T 2, S 3 AR T REHR
EARMESH. B, AR, SAMSEBEEERNH
EE, R T BMXAZ F, MK, B 1R PEE
SR BAHE LSRR , BT LA S0 357 REAIF JR) 1R M S8 45 1 PRAL BB 3K
HIE TR R b R, B L, FUF S TR VRAh R B i
KB —ERER, A B BHATUSESE P, a2
RS TR RN R MAG R ERET .

DE R ERREIE

FAE BRI RAFE 25, 8t — & N Pk i
—MREFEERETFR) . RBEUFERRLEEATIXE
A% UEATRAMFEEGFREZANAE, FREX
BASREMIARIBFO A HRE,

3) REAE 23 (8] i 4 BE B 5 [0)

HEERNEEREREEFEE, EANEEXRD
BAaE, B 5{ERERNEEMXE, £
HKI|ArAetERE. BR, HETXILEE M XA Tk, E 4
EEBRBERPRMES?, B THRBEURRESENREY
2 Rtk XFPE T SC IR T A A 76 SC R R R R IR B8 L3R
BER LR,

4)k-NN BB 1132 618

B3 22 AT 326 4% R 44 b 3B, 4RE 5 [ B 448 B8 o 17
LTS, BT E L RISCER(5] B, B4R RIAE 2000~
16000 22 [8] , E X BE 5 O 48 T 3547, o-NN 2K B3 B F1E
EEEE EMEOT A

ET LR, AR T —FBEE T NN H 3, B3
AT MERELEMRLE S, ZEERAURKBRT
SrRBAEHEITEY, R R G T HAFEEEmSIENER
FEREHEEE, HIRE 1 PR EE & NN HERE, &
BN SHECERNTE. BA TEEBENRA.

HETXH, BARRE T XERBRHESRNER, RELL
MR, BEARKKER AR, BB TR RN LR
RUERAREENEARHE, B, B3 LR, Bk TRk
73 RA TS

2 EF k-NN i WiE R

2.1 ¥Hi#f k-NN WA
£-NN B 538 % DL “BX K E B (Euclidean Distance)” g H
SYAHER R BE B A R E AT
+ 218 -

EX 1 i&& n?ﬁél‘ﬁl*ﬁﬁ/l\ﬁ X=(x15725°** s Za)
MmYy= (yl [ ,y,.) y'E’ﬂ‘]ZIEJ BQEKEEEEEEX%J:

dX, V) =7 B (—)? N

Hebn BER o My PR X MY MEL N BIEE.

ENNEHRNEABRRE. YEFFENEHCA TR
B, RERREREARENEET RIS Z B VEEN L4
YGRS, R B HESRERR"H I, X MG
o, G BRA AR FIR R E A RSB,

2.2 XXGROFREBAREEHRTHER

BATFERAMESRER(VSM) kFER XA E, E
BEHNVSMEBRRTET RESERESHESRIMEE.
XYL, — RAE AT E L BT 7 E

AISCRE), A XML B X R/ H T E R HELAH, B
4, BREUFRIFE2EN TR HHNPORER VSM 1§
fEZS B4 B, BD LIRS E 2 BB VSM A EZ= (] .
X7ERER R AR, B RKN AN —%
S LA ff e 1 S B [6) 78«

H— rBRRRBELE, BB RENINGEMS
B, (B2 SCAS ] M SRR A BT A —“ 2R "I A R
B S SR E R AN LSTFER. RER, BRA
BESTRIRAE R A M E WA B R F R, BTl &
EHAERIEEERE.

H AT HEAARBESHIAMANKSEBIAR, BE
H 7 04 VB R AP AR 1) YR R AS T b S 0 B A AR S (] P, SR
RALXRZELAAK B FHLIFME S E, A, ZE@EH
VSM #ZRFES HEEHNER. ERSLRELFTEER
RIS E 24, HEFHEMNEXE W R BRRE, XR—
WA FER A T/E. MEMEBEFRFTEER, . BLSPLRA
BimE KK R, HHAELESE,

B, $FAE %S [A] — B EE ST, W0 20 OR 5 — BB 1R) (O AR X 32
L HE, HEEAXAPHETHORER, B RBHL
B3, AT EEE VSM £R FERE FRIEES R M
FHAF T2 R G0 R e B R3S EB A .

H= i FXRABYWEERE R BEH VSM BriE
RELBRABRNTFHER, WA AH TRE S BBHRERE
EMIEITHER,

XA BRI, REREFESHESART
7 R (RMRAERD B — BT . M FE— Rk H 3
AHBME  AAXSERATRGETHIH—/IELREE,BE
AE—/NRSRBENERE”, KA A ZBRENEE N
“o”, Bt Bk R ScA B EH RIERWRNS .

FREFXAMBHMBERE A AR B TRBES
BRI R FRSCA B /B4R, B¢ R3S R R 3k
bR & R IE R Bt BB .

BT, 8 X RARREIA R, EX R M R
ERRAEE 2102200 20 T AMFRIER W X BT LR RSB
BERRH:

X=xiswn) s {x2swn )= {Znswn)) ¢
He, o, RXWE ANBE i €{1,n }w Hax MEE
f&.

RS, RAXHEEER"WERR L, LRI 34



S 5 15 BR300 70 Wi A

BEAb, 36 F ) e R A ) B iR B R, B RTR B
FEH B, — B AR (Boolean) iRk, BI“1” R B #
CRREIRDZE M A B, “0” FR R BB 55 — R B3 fE
(Numeric) 7R3 , 18 B P4 AF 1) 78 3 4 o 3 BB 3 % (TF,
Term Frequency) X#7~.

RERBRLH, EXFSLXFTEHCBI T ENA
MEZ T BUEER B RN TRESE R HEFRBRAHIAR
+AHE , R EH SRR R EEE T B itk A SCR B A R B
O-DFRRBEEE, A ER LS 2NN RALBE K42
HE,

2.3 k-NN R HER S RER

B XY HRRFAFHASXFEE, AFRENFHEE m
Mn A" RYE, B TAXRAMGRERR B RO EHEE,
MO RSB RIA] LAy BN -

X=((z;,1 (a2, 1)z, 1)) (3

Y= ,1) {32 s10e= {3, 1)) @

ﬁ&:

S XY FEREASNBREEG R, X, Y xR
HREER 1,

foo i XoY FERRNA SR BYENB MBI, X, Y shxd
BHREERR0”; ,

S X hEEEY PAROEHEREMNEHENK, X
XF B R EAR R 17, Y Bt BRI EE 0”5

SaoR X PRESEY FOFHBHNE MK, X

N EYEEIEER 07, Y S B R A R 17

BERG)..RW.A.

So=m— fy (5)
Jao=n—fu (6)
BERXQD.A.
dXx,Y)
=4/fu * (=02 +f1o + Q=0+ fo » O—D*+fy; « 1—1)?
=+ fiot+fo D
ARG KORARD,UE
d(X,Y)= v m+n—2f11 OCm+n—2f11 €))

R O H L, FEMIRB/ARET , B2 5] & A RK (S
B, A5 T4 S H3EO BN MR m) U R Z
ERFAGEHIEOCBENNBED ADOFR, FELL E
XA %N, BRX 3T BEREEESN. L LR
D, ROEBIEFEHEL. ZIT . 2XBNEEFH LKL
ZRKBEK.

AL, B-NN 5328 83 24 [F — N B S “Y” 5 8k
EPARRFMIGCER X" 5 ERRE R IHFHEF, B4, &
@YPRRY Fragde“o” BN RN BE“n”, LB AT LIk
ERERE—THE, EHNADMERSERBERNHERFER, T
LL RO ER AF#—E /Y.

d(X,Y)ocm—2f1, 9

3 k-NN AL EE R AR

THEHET &-NN B3RS RMACH R PR T

Step 1 BN AMBUFIERE » £ 88 A VI%5E.
BWYNGREDE  MNGEXF X, GF m; NI, BIFE0"R
.

Step 2 HHHEMIA Y BIRHA, Xj‘ﬁﬁﬁ?ﬂlﬂ}:,ﬁ@]
EREEHERIE o RELR.

Step 3 %Y A EREWIEOVREN BB FiH—
BIE, AHBE X 5Y RE NI RER I .
BIER(,X: 5Y HBKEER (X , DERN:

d(X;,Y)ocm; —2n; (10>

Step 4 LKA Q0R5EEE, Z—HHEE 4(Xi . VE.

Step 5 FIA“SHRRFE LB NS Y BANRE
NG CA &, X kMG A RS, U S mER
BEHEFIRIE Y K5,

4 WEILR

4.1 SCUGUERA

b7 33 R 14 ) ) R — A~ PR B S AR A3 (R B, BT LA, AR 3L
o 330 R Ak B ) R A SE B X &% BAE A-NN LA B i 3L BR
BR,

ERPERME 1 FRAEE NN GRRGE NS H,
B “fE B35 (IGO) " ZFIEM BB P R 2 0 A
2L BT AR LR LA IG 2 2NN %8 2R R LN FERETE
& R %
4.2 AR

TE 4B : dell PowerEdge 2600 PC R % 8% RHERCE)

HER S B ¥ A4 : RHASY, Oracle9i, perl 5. 8, DBD-
Oracle-1, 18
4.3 WLEEGERISD

T # lingspam 15 ¥} FE (http: //www. iit. demokritos, gr/
skel/i-config/downloads/lingspam_public. tar. gz), R J§ X} [E
83O RAD, TE lemm_stop H 3T #9 “partl — part5” 30 {4 3¢
o, B4 BEHLE B 20 5 IF B HF 4 (ham) F0 20 3537 3% R 44
(spam) , 3tit 200 3, H RN GE ; 550 FIBEHLZERR 20 H1E
HWEAEFD 20 B b R ER A, 33 200 #, AWML, B
perl B2 /5 XF 3 S0 R 4 A HE AT 1 18], SR V5 4 A B oracle 203
FEsh HEEER{E .

A ISR Al 4R, 4 SRR B Fh > KB T 0 E
(LA RO MR EREREREER).
4.4 FAER

A TS ERAARHEENERBR, EXRPFEAE X
SROBRETCERG TEYSY K, 60, eMN85838 R
3%, 3CHR(11] BUCK: £ {ERCH 3, BNK £ B BUE T BlLE U™
XK 3,5,7,9,

O IG XK PFHERER”, IHEARNT BRARER w M, 2, w M c HERMERGETHERFLRN: IG(w;c)=§lp(w»c;)

(wy¢;) & o (W16i) vy wrnsiqp TORTNN = N _2g”
log, 52 S50+ 32 pGycodloge SoS0S I TR WAL BRFAY. (RIS BIMATIIM]. JU5 . T Tk HiAHE, 2005 14-36

219 -



B, k-NN BB Y 5 40 25 (| 9 4E BE (L “n” B YT
3%, CHRL6] B “n"1E 600~1000 A4 HE-&IE, SR 7] t
A “n"1E 1000 BLEABRBL  AEBRARS AN EE
HREST K, 4Bl R 500,700,1000,1200 UL,

WL RimE 1, 2 Hisl,

#1 ANNIIEGHRRMRE ARG R

3

5

7

9

)
ERER)
iR %K)

134.1
77.00
23.00

137.5
77.50
22.50

145.8
78. 00
22. 00

©149.3
85. 00
15. 00

#2 ENNXFEHEETBREEORRBR

- k=3 k=5 k=7 k=9
n B E# #ik et E# @ik A et E# #iR A E#% ik

(#) E(%) (%) ) (%) (%) #) 20 £(%) (#) (%) £ (%)

500 650.6  50.00  50.00  661.8  50.00  50.00  669.8  45.00 5500  676.1 4500  55.00

700 7380  50.00  50.00 7385  50.00  50.00 7448 43,50  56.50  755.1  54.00  46.00

1000 855.0  50.50  49.50  859.0  53.50  46.50  866.6  55.50 44,50  870.2  50.50  49.50

1200 936.7 50,50 49.50  937.9 54,00 46.00 9441  53.50  46.50 _ 964.5 _ 53.50 _ 46.50

4.5 HRIW H=E, RAARENAEER A ER ¥ ER LN S
D B B 17320 B A4 KR KA FEBEHLT,

HEEANNTEEENEATHEERRTFRES
FIEE D" M2 T, EZSEPHERRERRM. X294
B« B “n” RN BN AR S AKBT X — K.
s, KR4 o BB RE R — 4 T AR R X B
HEGAMERE, ITEBR 2 9 NN B EFERERE
HEEE Y THEYARER, IFLETRREBRLEITH
%,

R, ta] BT E % 1 B 2NN (BB 5 1 AeT,
WL ERFAREBTHE. X HXFRE RN A, &
VLBt T E R R FE S, ngk 3 BRFIFIE 2 iR,

%3 ENNRAERSEER SR NEITRER LB (a8
EMAE  ¥ENE  HEEE LEAR
(n=500) (n=700) (n=1000) (n=1200)

666. 8 744. 1 862.7 945. 8

®AK &
1417

B R4k-NN

& HEk-W

Rt n=500 0=700 n=1000 n=1200

B2 ANNREEESEERRNEHIRRLR

W 3 FIE 2 Bim , k- NN HEH % 0 Rt A R AL X
FABTHY 5~7 %, T WG TR LR SRR E B A, X
FTERAT _ENEHFHMHERIRIIE. Wi _ENEHIT
WZATLHERHK, TEFRRET:

H— B UESEARA XA MR, HEREER
A SCA [ BT & RO B EZ N, B T XA R 2K
Wit XEREREEFHRIBEH R IOV,

UARER R, EG REEARER R R AR TR
FEEH 14230 MFER , HELB P H2E 400 MR R, B
SEMRER S MEFER, BKBALA 918 MMFER, ¥
HAURGERREH 154, 72 MRERE. BRER, L8P,
F-NN (RALH 3R 154. 72 PR FTET, MEEH
HMRTE 500~1200 N BE T BT, “HKBITHEME
E R, MR, EfIREE T RO REEBK.

H 7, - NN RACH B 75 R B 4540 38, T B @ B vk R
FERITH HEFX 14230 MFERK IG 1, X NE—T
RERBRITH .

e 220 -

)R BE LK K PERERS HL R 547 -

* 1.% 2 PRHE BN, AR EELR P R
R A SRR, XX S INFRXMMAE XK. R, i FHFp
HEEE AT HERRZREE, T H AR ek
ERBOUKELRR,

AT R E M R BRI R R TE A B E R AR, B
FRP R ERRIEGT MR, FE A ERESHHAR
5 R R R EH PIRT & IEGREE , LR
MBEEHAT T 4% HF 855 BRR 458 3.

#4 NN R BB Y 0 3 b (L. 20D

11t k-NN 77.00 77.50 78.00 85,00
%1% k-NN 43.50 45.00 50.00 50.50 53.50 54.00 55.50

—— frikk-N — 8 Glk-N
L2 2]

100.00
80.00
60.00
40.00
20.00

0.00

B3 ENNRAESESHERENERRLE

F4ME 3 B NN EEBH LN EGRERLGE 0%
LT Bsh, MR ALE 5 B IE B SR 4 B 287 80% LT ¥e3h, =
FHZRAEL 30 ANE 24 T LA, IR B e B Bk
ERREE T4 60%, HEERBHEERIERZXN,

XFRE TR RSN, ERBRER EAERER
BEMe. Bk, B2 UESRER LHR T o2 X
RERM, XRERAETHERERA T HELERETE.

BHE I, R RBEANERERFELATEN,
HET NN EE R ERERE . TRk mT A E
B 2 BB T 0015 BRI 42, TV ERRAEX D
[FIEE, BRI, R EEER T HHBERER EHE
KEH,

#3RiE Wil NN DA RAE B TR FREET R
e PR BB B S T T O HE R IS, SRR B B A LA BB B
BEHIRZZE,

AL FRERZ BB T NN XESENRLESE. £
b3 5 75 43 i B SO ) B MRS B P4 L BT T — R BEAT LU
KRR RS2 B4 BB B 1T, R X LA B ##AT
SLEENFTE R . XEETY RS T HAEEREN SR




B & £ T (5) R, AT ) LUK B SE 3 B B IR IR B LR
A AR, LI T AR SRR TR .

Besh SRR R A EFR RN AR A A MR, X W
HESRE Pt SERTYI RE fE T AR A A B A AT AT
D EEMRBEESESSRE LR EERNRHSER.

2 £ X W

[1] Widmer G K M. Learning in the presence of concept drift and
hidden contexts[]]. Machine Learning,1996,23(1):69-101

[2] Fdezriverola F,Iglesias E L,Me'ndez F D R, et al. Applying la-
zy learning algorithms to tackle concept drift in spam filtering
[J]. Expert Systems with Applications,2007,33:36-48

[31 Witten I H,Frank E. Data Mining: Practical Machine Learning
Tools and Techniques(2 ed)[M]. Beijing; China Machine Press,
2006 _

[41 Mitchell T M. Machine learning[ M]. Beijing: China Machine
Press, 2003,165-178 '

[5] Yang Y,Pedersen J. A comparative study on feature selection in
text categorization[ M. San Francisco: Morgan Kaufmann Pub-
lishers, 1997

{6) Delanya S J,Cunninghamb P. An analysis of case-base editing in
a spam filtering system[]J]. Computer Science, 2004, 3155, 128-
141

[7] Stone T. Parameterization of naive bayes for spam filtering[ R].
Masters comprehensive exam, University of Colorado at Boul-
der,2003

[8] Tan P,Stenbach M,Kumar V. Introduction to data mining[ M].
Beijing; People Posts & Telecom Press, 2006 ;13-50

[97 Zorkadis V , Karras D A , Panayotou M . Efficient information
theoretic strategies for classifier combination; feature extraction
and performance evaluation in improving false positives and false
negatives for spam e-mail filtering[J]. Neural Networks, 2005,
18.:799-807

[10] Delany S J, Cunningham P, Coyle L. An Assessment of case -
based reasoning for spam filtering[ J]. Artificial Intelligence Re-
view. 2005,24(3/4) :359-378

[11] Delanya S J, Cunninghamb P, Tsymbalb A, et al. A case-based
technique for tracking concept drift in spam filtering[ J]. Knowle-
dge-based Systems, 2005,18(4/5):187-195

(L% 2127
AR BT BAMBBEEE HEMENTRERR—NF
BUHIRE,

2 F X W

[1] Wille R. Restructuring lattice theory: an approach based on hiera-
rchies of concepts[ M // Rival I, ed. Ordered Sets. Dordrecht;
Reidel, 1982:445-470

(2] Ganter B, Wille R. Formal Concept Analysis
Foundations[ M. Berlin; Springer-Verlag, 1999

[3] Yao Y Y. Concept lattices in rough set theory[ C]//Proceedings
of 23rd International Meeting of the North American Fuzzy In-

: Mathematical

formation Processing Society. 2004

[4] QuK S,Zhai Y H. Generating complete set of implications for
formal contexts, Knowl. BasedSyst, 2008, doi: 10. 1016/ j. kno-
sys. 2008, 03, 001

[5] QuK S,Liang J Y,Wang J H,et al. The algebraic properties of
concept lattice[ J]. Journal of Systems Science and Information,
Research Information Ltd UK,2004,2(2):271-277

(6] M, BER RFE.SEESEIMESHI] RN
##,2006,29(2)

[7] Belohlavek R . Fuzzy logical bidirectional associative memory
[1]. Information Sciences, 2000,128:91-103

(8] ®hiFFit, BER, B, % BRSO HEREES N ER
Ry RLID. S42£4#,2007,18(9): 2174-2182

[9] Zupa B, Bohance M. Learning by discovering concept hierar -
chies. Artificial Intelligence,1999,109.211-242

[10] Tonella. Using a concept lattice of decomposition slices for pro-
gram understanding and impact analysis[ J]. IEEE Transactions
on Software Engineering, 2003,29(6) :495-509

{117 Dekel U. Revealing Java class structure with concept lattices
[D]. Technion -Israel Institute of Technology,2003

[12] Arevalo G , Mens T . Analyzing object - oriented application

frameworks using concept analysis[ J]. LNCS, 2002,2426;53-63

[13] Dekel U,Gil Y. Revealing Class Structure with Concept Lattices
[C]// Proc. 10th Working Conference on Reverse Engineering.
2003

(147 ValtchevP , Missaoui R , Godin R , et al . Generating Frequent
Itemsets Incrementally: Two Novel Approaches Based on Galois
Lattice Theory[]J]. J. Expt. Theor. Artif, Intell, 2002, 14 115-
142

[15] BEM. XFH. B SXBAMER] HANRES £
J%,2000,37(12):1415-1421

[16] 2k, T4, ETRESHFN =Rk, i85
TS5 RIE,2004,41(8):1339-1344

[17] Qu Kai-she, Zhai Yan-hui, Liang Ji-ye, et al, Study of decision
implications based on formal concept analysis{ J]. International
Journal of General Systems,2007,36(2) :147-156

[18] Kosko B. Adaptive Bidirectional Associative Memories[ J]. Ap-
plied Optics,1987,26(23) :4947-4860

[19] Kosko B. Constructing an associative memory[ J]. Byte,1987,12
(10):137-144

[20] Kosko B. Bidirectional Associative Memory[J]. IEEE Transac-
tions on Systems,Man and Cybernetics, 1988,18(1):49-60

[21] #ER, XX H. RS PEa E Mk (],
#,2002,25(5):490-495

(22] BAR M . WHZ. ETEEBRMOESRERESR]] &
BT %2 S5 REA, 2006,19(5) :11-12

[23] Kuznetsov S, Obiedkov S. Comparing Performance of Algo -
rithms for Generating Concept Lattices[J]. J. Experimental and
Theoretical Artificial Intelligence,2002,14:189-216

[24] Stumme G, Taouil R, Bastide Y, et al. Computing Iceberg Con-
cept Lattices with TITANIC[J]. Journal on Knowledge and Da-
ta Engineering, 2002

[25] Figdk, deahid, ERE 30, 5. UM BRARICIZ M 2 M 45 i —Fh RS
#eus (1], 87248, 1997,25(5) :6-10

o 221 -



