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Improved Prototype Selection Algorithm Based on CURE Algorithm

SUN Yuan-Yuan, ZHANG De-Sheng, ZHANG Xiao
(Faculty of Science, Xi’an University of Technology, Xi’an 710054, China)

Abstract: Since the traditional K-nearest neighbor classifier possesses large time and space complexity for larger-scale
data sets, prototype selection is an effective processed method which selects representative prototypes (mstances) from the
original data set for K-nearest neighbor classifier without reducing the classification accuracy. At present there exist
many prototype selection methods. In this paper, based on the existing CURE algorithm, which'is difficult to determine
the noise points and has bad dispersed of representative points, the shared neighbor density metric is presented to delete
noise points and the maximum and minimum distances are employed to obtain scattered representative points, which
generates a novel prototype selection methodss PSCURE (improved Prototype Selection algorithm based on CURE
algorithm). Some numerical experiments are further conducted to show the performance of the proposed prototype
selection algorithm compared with ot‘hekr related prototype selection algorithms. The experimental results show that the
proposed algorithm not only can select fewer prototypes but also can achieve higher classifier accuracy for almost all the
data sets.
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Fh Jg 2 AR RRORN R BY ak #E. JE AL AR B PG (Prototype
Generation) & i b A= BN 38 208 R AR T 4 2l A
HCRE S S 78 R 4 s A A AR MR RE A B X e R
A% F PS (Prototype Selection)! 2 %t B/ K ¥ S 3k AT
29167, FEPRUEAS BRAR L 22 52 15 70 NG 1 45 M e 1) B= A
e, BRBCRAT B o ZE TR [R] I BE A8 e IR 40 H
I AR DL AT — B AR SR 2 146

BT, B8 O 72 AR,
L4 (R )5 VR R4 AN BT B S IE . 7F 1968 4, Hart' i
LB H 1 i B 3 R R 4 B3l 4 CNN (Condensed
Nearest Neighbor), 1% 515 3 Z A0 BEAN R 45, 0T
A6 22 11 2 181 K B2 RO REA, X DR BE DT ik 2 de vy 10 34 572
P, AR % 53 S0kG B 40 G P BRI, T Hovh Bt 2 4k
HARAUR LGN T (IR 7E 1972 4F, Tomek B4 1
T K I AR LU ¥ BY 48 57k ENN(Edited<Nearest
Neighbor), %512 5 1 AR HERR J500 1| 2648 o i e 75
e A A WO M R T O R A B, F
WA o0t 73 8 WA B B o R ) N R 491 s, DR Ot G
HARA TR LB, 2 )5, 2T ENN [— R4 St &
VR T Sk, 7E 2009 4F, Fayed Fll Atiyal®32H 7 —
FoisHT ) R 47 SR KONIN LA 24 77 7% TRKNN (Template
Reduction for KNN), 1% 5% i 3 A AR R 2 X — 1M iy
A0 a8, ARG IR EE i — B e, i E — N
B R FL R 53 s O B ) s 4 5030 8 R A% oA 1 B4 2.
E 2010 £, Ougiaroglou 53 i T — AT R A JH
Bk FE 57 PSC (Prototype Selection by Clustering), 1%
SR A K-means 58 HLR BN E0HE £ 0 43

AFRIRE, SRR ERE— DRI FARFEG]. X T FR

AR, BARIAR A O R B IR BT R X FoAN [ SR 7R
8, NIRRT HIREBIBOR B T K SR B Tk AR
N RT3 2K, 152014 4F, Li A1 Wang " H
TN U AR 1 S L PR 509 BNNT (the
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N AR, 2 = SO T — AN SR B, AR R — A
rhC RUARE B R BT A R AR B S O T 2
KL GRS, A AN [F SR PR 25 R I AE R o B A I 1
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HETT 1R kD SR Y B B, 1% g B R N R )

S5 ZERNESTURFER, TREE T 1L SRR, A R b
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Neighbor and MST), 1% & 4% H H 2R 41 i i
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Az il — e B AR ML AR SR A, IR R B A AR A, A
2018 4F, 3gtdpt A NAR T — R H 1) K O AT
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5B SC IR AR R, ST 3R 4 X AT
i, R R ) K-S AR R AR & 20 il T (AT (), A
iR LA R R AT A LA AR, RomA

SNNG, j) =T0) NI()) (1),

TE 2N SNN FRBLE ). o T-Hdi 45 X FRIAEAT
ifj, EATH SNN AL ESCA ) &

SNNG, j)? N .
IS NNG, I if i, j € SNNG, j)

D, (dp+dy) @)
peSNN(, )
0, otherwise

Forp, 8 sRT 2 R PR B S AN Y A AN R IR AR
BE K AR R AR A 755 SNIN ARALE:, 75 00, A A
j 1alff SNN ALt N 0. 2K (2) MIAEZEB /i@ LU R
TERFoR, AR AT DL 48 Hb oW 52 1) SNN AR AL 1 &5
X, B

Sim(i, j) =

1

s D, (dintdip)
PESNNG,))

Sim(i, j) = |[SNN(, j)| X 3)

st A7 W A2 303 4 3R SR ) SE AR 1

L, A1 R DA g 3 T 52 AR 15 1
PS54 F 150 5, Ei%%ﬁj%ﬁrﬁlé%wﬁm%fi
o [ o A 7 s S A0 R L A A5 5 P, SNIN AL
AT DL B Gt 3 B PP IR
TE 58 SUAE B 50 SNN FIAUE 2 05, A 14 1%
FRABK A SR 50 254 P o530 2% B .
52 S 3USI(SNN JRi b 2 5. i Hm 4 X i)
R AL LG) = {xp, X0, e} 2 5w B AT B s AR AL 114
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For Vi, jeX

If WA A0 AT AN BAHTEXS 7 1 K BRI 46 A Then
number(SNN(i,/))<—0

Else
number(SNN(ij))«—3E Z I 48451
End If

similarity(i, j)=number(SNN(I, j)) *( 1/(1/number(SNN(i, j)) *sum(dist(i,
p)tdist(j, p)))
density=sum(similarity(ij)) /)&% E0;
End for 1 \
den_threshold=computer_denthr(density)
//remove noise points ’ -
For Viex \ \ -
If density(i)<=den_threshold
ngle\te(i)
End If
End for

TEFE 1, getKnn(i,X) RonEIEE X T3
i) K ANEAR, number() 275 AR HH 3L RO €0 =,
W f 2 L A0 JE AN B, A SR A FEG AN 2 BAHAE XS T
) K {8, g SCX MG AR LA D9 0, 75 AR
P () HE IR AN BT (3) TR IL AR
VAHAATE similarity(), TRRRHEARBAIE 8IS 2 (4) SR H %L
0 5 T BN R A 1 A T, I LA R R SRR —
FEA 55 J Bl K I &0 1 L =250 AR 8 AR AU 2 F e S,
computer_denthr() i 7€ % & BME, M2 BREE 4L )
g% P R
22 BRAE/NES

T R F /N BE B B R /0 o BOK B B iU AR
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(1) 45586, 0 < 0 < 1(— %0 = 1/2), iHEEANFIER)
SEISE AR B — A R i, TR PO SR ) B
B AENE —RE N Z);

Q) tHE AT BEBI R Z, P B Dy, R EE B 2R — A
T R Z BRI RE RS AR Z,, IR
~NND12;

3) IMEHRFE 51 2Z, Zo 2 [AIEEBS, H oK At
11 (8 /ME, BID; = min(D;1,Dip) , i = 1,2,---,N;

(4) & Dy = m?x(min(D,-l,D,-g)) >6-Dio, WIAHMN )
FEB B0 VBN AR = /MUK 525,

(5) DAL HE T S48 A6 0 i 2 C 8 19 BT A

RE /2 MBI ED;;, HRED, = mlax(min(Dil,
Di,--+,Djj)), #iDio > 0- D1p, WAL ALK, 75
SR T FIH %ﬁ%d‘ﬂ@%ﬁiﬂﬁﬁ%ﬁﬁ?ﬁﬂ‘]%ﬁ
R § !

S5 2. ORI I AR

N HalAR X, B1He
iﬁﬂ:’ui ﬁﬁ‘hﬁﬁ center

point=[FF LR F-HME]

center[01=F 2 point fIfT (1] 15 I —RFE R
center[11=F0 % center[ 015z 1 £ /AR S

Dyy=get distance(center[0], center[1])
I BT AR 5
max_min_distance=0

While max_min_distance>0+D1,
index=0

For i in range(len(X))

min_distance=[]

For j in range(len(center))
distance=get_distance(X[i],center(j]) g
minﬁdiszance.append(distance)‘ 3

End For i

min_dis=min(dis for di.s in min_distance)

If min_dis>max_min_distance

max_min_distance=min_dis

index=i

End if
center.append(X[index])
End While

Return center
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) AR X AR 5 BRI AT K
B — A PRZ A B R R BB A, T L A
BT EL U R B A

(5) 591 B B 0 55— B BB 7 SR et A b b
A BN 1 s 58 — I B TR RN A KU X 5

3 F:T CURE JRIH Lot i) I A ik %

ST B0 500 34 58 1) B L2 DR AT S8 i B 3K
Bt AR B P B R T, 9 TSI A,
AR CURE J2 VIR 2 5075 p ot I 75 24 S 53 340 b
P, {58 PR T 3540 R A R 11 2 B, A 2
FRE 01 24 6 A O T T3 AL, 4 7 7 5 1R
7 A s\ 5

Ve A5 N\ 35 B0 PR B2 Flame peoplel )% 15 v 53
FWI. 1 1(a) o 2077 1% A3t SICHE S5 1 5 FF 090 £ 28,
R 2 T A AT B R R 7 R IE 3 2 1
157305, F 1(b) RRAR TR 1R N I
G L e g B H AR

71, £ % CURE M43 15160 = B, i
B KB /INFE B e AR 2R U7 150 B CURE 353k ik
RF MBS, (AT A R R A B, T 17 4
A%, 7RI R BEHL A HO SR 2. 1 2(a)
JEFI T CURE S5kt AR 2 4 10 B, o (5P 2
JOPRFE T ILARTE SR AL TS, S AR AT M S 7
SRR A A5 . T 2(b) rhR I P 8008 2 Bk i
R, ATLAM B3], (R BE A g Ty, I
e T I 24 0 R0 SRR A, T AR A B
U IR T B SR A A

Software TechniquesAlgorithm #1FHi AR F7%: 165

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

i E R %N

http://www.c-s-a.org.cn

20194F 5528 % %5 8 11

600

500

400

300

200

100

0 25 50 75 100 125 150 175 200

(a) 2 B3 8 h £k

(b) TRHIME TS 5 2 2R

PSCURE ByAM EZP RN

(1) BRI REBIAES = (X1, Xo, -+ Xn M3 T 500
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(2) P FEBI4ES 59k 2 B CURE RKH
oG IR (4) POEARR STk, B3 B3R s AR sl
2 JFRYLE PS;

(3) B A 1 JR BU4E PS AT KNN 4325,

9T MRRAS SR T CURE S92 SO A Ji 70 ok 3 3
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Sty 5 A it 18 3R IE T AR R X R H
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i H AR SN A

PR R B SRS R T T AR A die i 0 i R 4,
HIE] 4(d) FErw, AR SRR T 0& W R 240, e
PR B (130 5 A

(a) REUIELE (b) IR B

(c) Bt CURE %3 (d) PRE R

Kl 4 PSCURE 52k # 5L Flame people
AR LR

4 SEEREER KAy

N T VAl PSCURE Jif 2L 3% 4 595 1A 5k, 1%
R % B S S5 KNND 2 g NN
ENNPURIE# 1) TRKNN, pscl’l, BNNTHFI
ONMST! EEFLE i B i 45 1A A B0 B 43 SR e 5 5 TG 3
TT s, N TIEEIXAHI, W UCT |
10 MR AR, BRI HR Wk 1 fs.

£ 1 UCIEHRE -

Wt se T
Iris . 150 4 3
Wine Lo 13 3
Sonar 208 60 2
Glass 214 9 6
Liver 345 6 5
Yeast 1484 8 10
Segmentation 2100 19 7
Spambase 4601 57 10
Pendigits 10 992 16 10
Letter 20 000 16 26

4.1 SLINEIT
ARICAER 10 9738 X6 UEK 208 45 X1 4 Nl 5 4R
FIPAREE, BOPAEAE A 2 rmlit 5 3. 78 KNN 52

Boh, JEHRE K=3. 5. 7 "oy S R A B E v B
oy FUERA R, PE 2 R R T I BRI RE 5. 8 T RS
FEE B BRI R, AR SCASE FH 43 288 vHE A 25 AR A5 1) O B
R E B RIGIR. 73 FAE R TR B R
A F 43 225 TE A 7 2 BRI B S R 491
MILLAE. (R R RN IR R L B R b # 2 5
R TR BE T8 5 IR P REAN B LU,
Tﬁ@?ﬂaﬂ]ﬁﬂﬁ%"hﬁﬁ%ﬂﬂﬁ Acc Al Str. A543
AR ¢\
Acc = |—r| x100% , Str =@ x 100%
. l’l] ny

S, n RN, na 2R Y A, 1P\ B
BIER AN RGN KL, |PS |38 B L5 A B TR I
FEBIEEAN 4L
42 LIWLER

BEXTR 1 45 I UCT Bl & 8, A< S 5t
FIF PSCURE HiE 5 £ 501 KNN SHyE AR T K0
JEALIERE PSC bR, 3 2 FIH 11X 3 AN B I A
RAREE 2, [FIRE, B 5 s dEn 2 A OR B 28 2 A ) b
B, NSRBe &5 ST LLE HY KNN SR T AR 42 %
HRATLM, AR B R A2 100%, 7535 468 08 1 1% Ol
THERIEE Y 77.65%. PSC HLERAL Gl KNN Bkt
1T HAR, WA T REBIBOR, TIOREE RN 38.67%, {HAE
HEBR % EReAE BEH) KNN B8 15 10.91%. PSCURE
ﬁ/iﬁ’]/ﬁ%iﬁ 81.66%, = FPSC Sk [FI, T
TAESi ) KNN, 4E1 PSCURE H%: [V 35 {7 B AU H
16.97%, KKLI 1] 1 %dle, #2572, [Hit PSCURE
VR RO T o SR IR A R RN R 45 .

AT EHE— P IAUE PSCURE Bk A 2k,
PSCURE #.7%: 5 CNN, ENN, TRKNN, BNNT At (1
% 3), PSCURE H32:x) ) LF e a5 6 o v () sl 22
NEWaREHE, BABBRKNAEHER. 5
2NMST # ., PSCURE 5L 7E 454 Sonar. Wine.
Glass. Yeast. Segmentation. Letter 75 %542k
AE R HA BRI IR B 2. ANE 6 7T DUE i, A ST 2
S350 43 FE A 26 ot o, RSP B0 IR B 2R IR, AP
B4 KA, PSCURE BVL7EFE AR B 3 A 2R HE 1
HT7 A B .

4RI
KNN £ KA E 3 5 T LA I e A I 1) A s 1]
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SR FETT R T H N, 9 1 g i i), ASCHR T
3T CURE 3Gt i R R %, 1255005 T DAfR
UEAE 7 RUER R ASBRARTE DL, 48 S5 4 Kol B2 AR 491
H, IR 70 KRR A SCAE CURE S B AT

R T2 400 J o P B 1) B AT MR 5 i AR 2, i
B R/ NE B AU CURE BRRFAM R fiit £,
Ja A Bk H AR s REAT KNN 7326, S 45 SRR
W] PSCURE 503 bU HC Al B R 06 96 5501k RE I 126 HY e 1Y

oS, Bk AR RN KNN BEAT JR AR £, B dcth, 4l JR, {EBE BRI 1 A 70 SR Af .

# 2 PSCURE 7%5 KNN. PSC HI#ERf AR %

KNN PSC PSCURE

Database
Acc Str Acc Str Acc Str
Iris 95.84 100 92.72 31.67 9578 | 20.22
Wine 67.61 100 51.93 36.52 9848 17.61
Sonar 78.70 100 63.98 ‘55.59 ’ “80.21 28.82
Glass 62.47 100 57.37 " 148.78, 63.37 23.72
Liver 54.92 100 46‘.22 b 42.39 65.84 7.98
Yeast 55.88 100 4842 27.21 56.92 19.23
Segmentation 94.03 100 81.71 50.09 94.03 10.2
Spambase 73.51 100 68.63 42.21 71.98 14.98
Pendigits 98.29 .« 100 82.67 28.75 94.83 10.98
Letter . 19524 100 73.73 23.51 95.2 15.96
average 4 77.65 100 66.74 38.67 81.66 16.97

L
-

%3 By PSCURE Fl CNN., ENN. TRKNN. BNNT. 2NMST (/)7 28 F i BY 28 () LL s &%

Database CNN ENN TRKNN BNNT 2NMST PSCURE
Acc Str Acc Str Acc Str Acc Str Acc Str Acc Str
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