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Abstract: Based on the antibody clonal selection theory, an immune clonal data reduction algorithm is proposed
for instance selection problems of data reduction. The theory of Markov chain proves that the new algorithm is
convergent with probability 1. The experimental studies on seven standard data sets of UCI repository show that the
algorithm proposed in this paper is effective. The best domain of the weight parameter A is determined by analyzing
its effect on algorithm’s performance. Furthermore, an encoding method based on the stratified strategy is
introduced to accelerate the convergence speed when solving large scale data reduction problems. The experimental
studies based on seven large scale data sets show that the improved method is superior to the primary one. Finally,
the best domain of the number of stratums t is determined by analyzing its effect on algorithm’s performance based
on the data sets Letter and DNA.
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computation

OB ATAE R 8 )RR A TR AR R T A R LRI R R AR D R
T RIIEY T Z AR R E 1Bt 7 AN B ARA A AR UCH 208 & 6 B4 R IR0 T L ok e0A
HOM A8 I E IS T BAE A AL T AL ik M AE 69 %vh A0 2 T R R AR BRE R 18] ATt i 2 4035 £ Ruet &
FMEEIR O N SIS B A R GBI T AR R E T HIE R AR R T AR R4 H IR
T A6 AL T RSB R IAR & Fok el st B AT B B0 AR 4 45 RGBT Letter 2 DNA P /AN 4035 R 0 21028
BT o BERAL T Bt 9 RAETER ).

KEEIR: LIRS HE AL RIS A T R R Bt A

« Supported by the National Natural Science Foundation of China under Grant Nos.60703107, 60703108 (IH % [1 48 5% 4); the
National High-Tech Research and Development Plan of China under Grant No.2009AA12Z210 (IH 5 s BARWI 4T & & 1% (863)); the
Program for New Century Excellent Talents in University of China (# {0t 75 A A" 3¢ F# 11 41l); the National Basic Research Program of
China under Grant No.2006CB705700 ([ 5 5 i FE AT 58 & J& 1 %1 (973))

Received 2007-06-15; Accepted 2008-01-10

© HEEREETOR

http:// www. jos. org. cn



ANRE FATFAL LT R %G HIE R 305

HREENES: TP18 XERARIRED: A

HI T E AU 286 (02 1 P A 5 B AT i 0T it B Ml R AT AR B A e A 80 AU () £ LR B Bl 128
PRI (KDD) B A IE 2 M ] 87 78 (1. 060 it S AT A7 2 LA P i D #g i — A KDD AR L 1 AT S A%
200 BB O A T B A 9 — T A 2, 3 A A DA P AR RS/ B A A T ik 2D A7
A 223 [ R0 A0 BN [1; — 2 L5 B Jsr i 10 A A S DT A 80 422 4l ) &5 20 S R A v S v AT 25 0P 5L H
(1 2 e — AU AT B 2 0 DU 95 4 A 4 25 B 3 K T BB 2 1T 20 4R (K IF S, A7 S B0l A 1 51
VE R R e,

L T BB T A4 T A R 3 P UTVR S 91 1 426 U0 e 5 491 80 0 T 4 1y — o S D 9%, L U D
FEAS AN 55, TR vy DA Kbl 8 18 52 0 67 A0 2 A 1 o — A A5 DI 0 R A B 2 g 3¢ Jost B 8 1 ) o
HREEIE RN TR ARG AT — DM IRAGER, e 4K T Y Pk e B Fed BT 122 >0 . iz 9t
PR FEPESE PR RE. th T LA 149 3R RE 0 R 5 W LB % S0 1 Se e #6AT Wl BE 2 — MR AT IIE %

AR SR B T A TSI 481 38 56 T LG AR Ol — AN AL S A ) AL, O B OGS 0k ) RN A ) S BE LB L A i T
AT B T e v B B R SR SRR 4 I R R 7 AN AN TR RS P B 4R (YR T UCH AR AEEH 4
HEAT DR, UE W) 7 RS 1 A A O TS0 B BT AAE 2 A0 S P I S x5l 0 0 g ok 14
2% [H) RN i) A2 7% B el K, Sk WO SIS 2 D TR, 5 LN T 70 2 SRmgs o i i 7 QB AT o5 L ek 7 AN KRS B it
Hl e 7 A6 SRR W T AR BEAAREOAN AR B NS D0 R AR T SR 7, 20 J2 SR R DR 32 M 488 vy Wie S50 1, 75
B0 PAR A 45 R A e L X Letter A1 DNA Pl SR (0 S2 30 45 Y T 202 i B o JZ 40t 10 e B IDCAEL X ).

1 ZhiEiE 1 o) e ik

b &N (RR A 7 (1 & B VB2 o e NS S 0ty 1S S 7 S 1B 5 U e R
B i B D A YIZRAE A TR RIS A TE W93020 0 I S e P, 19 81 TR 10— A T4 SR
I 2 T I A B AT IR A S B A 70 SRR JLHEAT 73 ) R P B Y 59 Bl e e i O Pk RE R AL 5.

LA 1 55 9 2 50 2 B OE T A A0 40
45K 0, a1 Gt 1p2012] 1 p3lia) g 4 31 2 pataset ©)
P A% sl B L ICRE AR5 th ok #0401 Dropl™), - - ~
Drop2t3, Rmhct™ . & {1145 4 K (5t 47 5 AS 1] 36 Training set (TR) Test set (TE)

Gl AT Cnn RS 54 IF B K T8 A BE A
749 26 B R U 2 4 P 1O 25/ O T4, 102 A
b3 15 Cnn bl KU T AR ) 0 2 B S 0 1b2 gorithm (154)

5 SR HBE,1D3. 10 T 5150 S 59 T Neeot relghbor
N . . . Selected subset (S) P e

Wk B A, E AR AR T 1 A BT classifier
2.Dropl BEHLES iy — A B A 30 5248 ST i
2 7 e K T S 7 R R B R AR
Drop2 i 4 4 e B A 5 B SLdgt £ 5 R A
BB /3K HE P B 5 05 A B A 7 6 MBS L 01 Rmhc BEMLIEER TR [0— /> T4 S, 76 U S TR-S o
BN PEARFCEE S PR/ REAR, I S 40 SR T B T IO B — 4 LA 59 34 AR Tt A B 9 A
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Fig.1 Instance selection model
Bl 1 sk pemiiy
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2 REREEHEEVEZX

T 9 3 D AR s 2 v P T AR g e e AR 1 T B G T O B B i FR AT T — TR
PRECE 1744 ) D 3T SRR —— Y 5 ol o 5 T AL RV
21 45 #g

R R 5 D 43 AR ARSE TR FIINARE AL TE PS4, TR A m AN SE], U R 2 [ B oA TR &
FAE.—NPURRR TR —N T4 B TR A8 B I % . 1A =X AT B A7 78 P B A o, R bR — 3t i gm0,
G B A m( BT — AN SE A Y — AN DT ), SR R DR (B A2 1, 8 A A0 5 B PR SE A9 8 F TR IR AN 4,
SAEE O, IE LFAH IR
2.2 EMERBEIT

BHUAFIRES A={a,,a,,...a,},a,1<i<n &R TR A0 T4 S SRR B 50 T

f(a)=Axclas+(1—-A)x per_redu (1)

ot clas FaR A8 XEUF I LA S; 2 N ZRAEAS 19 3 28 TE 0 28, A SR FH el 4B 43 28 2% 14647 49 25 per_redu R7R 5 it
YIGAEARLE TR M LE S; AT 40 R, e L

_[TR|-[s]
per _redu = |TR| x100% (2)

e — M TF ORI L Z 18 AU S 0, A, U clas o 58 1 E R 52 i i, s 22, T per_redu S+ 52 11 E 1) 52 1
K.

H T2 EE 1 B 12 R & D FE AR ORI YA AN IF BT IS 0 R IER R B 2 LT AN R AR K
AR TS 4 Ji e AT DA Ak A 3 (L) I e KAk ) R
23 EFXAREREEEFEIT

G P8 e FE A R AL SV M I AR an

Step 1. WE S IEVIESECRENL= A WG PUARE A0); 2 MATIERIREL k:=0;

Step 2. WFHLARE AR)AT 7 B A 15 208 TR AD(K);

Step 3. XFPUAHE ADK)PAT S g 3L DN B AR, 75 2B LR RE AP(K);

Step 4. MR¥E A ()T A PUAR I SERIE;

Step 5. XTHUAME ABK)FT AGK)HAT T8 B8 1% E R 1,75 208 (K TR EE A(k+1);

Step 6. 4 ki=k+1;45 i 2 2 14, FEAS 1E A5 3R W] Step 2.

AR E A e

T B ERAE TS AE G 2 v e HR O e TC MR A (0 40 B 22 43 34 ) R O AR AR IR T S AR A AR SR

AY(K) =T (A®K)) = (T2 (@, (K), TS (@, (K)).... TS (@, (K))) )

b, T2 (a,()) = {a (), a7 (K),....a ()} 5a) (k) =ay(K); 1 =1,2,..,n; f =1.2,...,nc inc. g 5 B L. oy 00, 3k g e i

55 G 95 2% TP I B R S ABL, 2 AT S T Ik BB O B W — NP ag(k) 4R T ve B B BE S W R oe BE T R R

{a}(k),af(k) ..... ai”°(k)} T T PR S Bk ai(k) oA 58 AR 1R s

G e BE R A T S e B TR AE AT 2 BB 20 AR SR AR S VB DU A B LA an R 0 20 e

AP (k) =T: (AY(K)) = {T,f,(aii (k))}; i=12,..,mj=12..,nC (4)

BT BVER A 0,1 kil 2 AL S IR, DRI S A S 458 £ Tnﬁ(aii(k)) SEFRPUA I RE—FE R I LA pm(0<pm<1) (¥

I e 0 7 IO A 9 T S R 9, @ (k) 2 A S A R 00 9K P b (k) %R B b)) =TS (a) (),
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AP (k) ={b)(K)},i=12,..,m j=12...nc.
T B A AR A T on P R B R A S NPT A i T B AR e S T A R B B T AN A, DT 6T ) Fl
BE U ARRE AP (K) = {b](K)},1 =12, | =1,2,...,nC , Fa M PR AE T 2 AT T
Ak +1) =T (AP () U AKK))

(5)
= {2 (0 (), ()., b (k), 3, (K)), T (03 (K), 02 (), B (K), 8, (K)o T (3 (K), 2 ), .., b (), 2, (K) )}
Hodr, Ak +1) = {ay (k +1),8,(k +1),..., an(k+1)},ai(k+1):TS°(bi1(k),bi2(k) ..... b{‘c(k),ai(k)).
=1,2,...,0,3je{1,2,....nCh AEHUH b) (k) 3 FFIRE { B (K), b7 (K), .., (k) o 371 S e ) 4, )
_rofl 2 nc _ a;(k) if f(ai(k))>f(bij(k))
a(k+1) =T (b (k). b7 (K).... b (k),ai(k))—{bi,.(k) T F )< 16/0) (6)

24 EFHBERBHNGEREREELEZE
A VPAG B A 1 YN A A S8 9 498 22 I, S0 160 2 ) R I 1) 52 2% 32 4 Wi 2 388 o, O L T RE > S i 0 s 1)

i A 5 LR 0, K 70 S0 3 1 VR A T VR N R RS S o B AT A R R A RTS8 2.1 15 i 2 i 07 X0 4

i, W28 BB TRT A SR PR A e e R4 U A SR 3K o DR DAy P ke 2 7 T R APR ) 4 18 0 ) 1K 5 T 00 A

R IV 3 L, BRI 5 N3 2 R Vo G i i AT T3 3 S SR 1 s R P T B 2 T

Training set (TR)

P
(A 0

TRy TR, TRs TR

Fig.2 Anillustration of the stratified strategy
K2 oy s s
R IR I ZRde TR oh B 3 93 D0 HASAHAS I )2 83 23 Rl A i DR e T RO e R0 1) Jeg P ANAZ AT,
_UJTRJ- =TR,J ={1,2,..., 1} JSbIN B Sl £ 505 20 R T T TRy, MEAL £ CIN 226 tH & i) — N IR T4 TRS, e
Je
ZAEH IR S 2t TRS IR RIS = UTRS,J ={1,2,...,1}.

jed
K 345 T 5T 40 )2 SRS ) S FRAR Y, e sl 1k B 57 (instance  selection algorithm, & FR ISA) KK
K P a5 v B AU TR AL BVE R | 2 my AN NGB AR, BT G 0 82 o g, A 35 BRI 56 8 TRy o 8 — 52
8123 F0 RS R RN B e T E 5 8 2.2 RIS 2.3 T AHIA].

| Data set (D) |

N
4 A
| Training set (TR) | | Test set (TE)
N
c N
TRy TR, TRs TR
ISA¢ ISA¢ ISA¢ ISA¢
TRS, TRS, TRS; TRS;
v

y
| Selected subset (S) |—>| 1-Nea;::§2ir;;2?hbor

Fig.3 Immune clonal instance selection model based on stratified strategy
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3 HiEWSES R
PUARFIEE P 5ULAK), k=034 — A BRI AT 249 5 IR ] I 6 FAT B IR S Ao, Sk LI 18I T etk
PUiksE S AT IEBINT.
TEN L. SCHOHR A 1) 8 S AR B A B A5 8
A 2fa":—Faxa’, f(a)> f(a)) )
BT PUATEE A4 S(A) £ \Am A*\ RRPUARTIHE A A& B LPUR 4L
EX 2. WERXTAT VIR Ao E
lim P{(AK))21|A@0) = A} =1 (8)
MIFRELVE DI 1 W8,
TEEE 1. oy v b HO ] A S0V LU 1 ek
EHIE Py(k) = P{S(A(K)) =0} , thi ULIT 107 2 P A 0 28 XA
Po(k+1)=P{HA(k+1))=0}
=P{HA(k+1))=0] H(A(K))=0}xP{ HA(K))=0}+

P{I(A(k+1))=0| H(A(K))=0}xP{ HA(K))=0} 9)
th 2 2(6) 1T 75, P{ 9(A(k+1))=0| 9(A(K))=0}, T A,
Po(k+1)=P{I(A(k+1))=0| 9(A(k))=0}xPqo(K) (10)
X P 5 DR B AR T 42 BT
P{(A(k+1))>0| H(A(K))=0}>0 (11)
id:¢ =min P{9(Ak+1))>0|9(A(K))=0},k=012,.., 11l
P{9(A(k+1))>0|9(A(K))=0}>¢ >0 (12)
B LA,
P{9(A+1))=0|9(A(k)) =0}
=1-P{#(Ak+1)) = 0|9(A(k)) = 0| (13)
<1-P{9(Ak+1))>19(AK)) =0} <1-¢ <1
[l I,
0<Py(k+1) <(1-¢)xPy(k) < (1-¢ ) xPy(k—D <...<(1-¢) " x P(0) (14)
Hlim (1-¢) = 0,12P(0)0,
Ji LA,
0< fim po(k)glm(l—g)k+l P,(0)=0 (15)
g, Tim p(k) =0, LU,
lim P{2(AK))=1|A(0) = Ay} :1—1@P{9(A(k)) =0|A(0) = A} >1-limPy(t) =1 (16)
JitLA, !mP{S(A(k))21|A(O)= Aj=1.
T B 1 15IF, S oo B HOH TR Ak vk DURE 2R 1 s O

4 MRS LRSI

4.1 MR R SR AR T
AL B AT 13 MR I A UCH bR 4. fi i — D Edl 0 4 1) Kdd Cuo’99 %l 4
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FEARKN T 10% I FRIL A /N BRSO 4, 4 RE AR AE 10°~10° 2 1] IR L 0 KBRS 42, 4P A KK T 10° 1f

PRI EE. R 1 gy T 3P BT T A S 16 3 o0 1 Table 1 Data sets used in experiments
JREE 1 AR EIE AR, 2 BUSR R E S I RE AR AL, F 1 SEE R B AR
B3 FIMEE 4 B0 Be T O B 1 R A 4 OR 2K Datasets  Number of — Number of — Number
e —— sazmlp4les feat;res of clgsses
FES2I o K I REAE TR 4324 TRy, TRy,..., TRy IX Iris 150 4 3
BERG 10 250 R 10 T4 X E: 2205 I BRSO Wire 11 13 3
BT IR A SRR B T 10 XEIZAMMRRe  Winsconsin 683 : 2
ALE(Tr A Ts;,i=1,2,...,10). 3 45— X 2 45 K U6, Bl A A Pima 768 8 2
T A TR, UIZREA Tr R TROR R Q 4LREA IS ea™ o0 180 3
FHITE=UTR;, jefl 2.t j#1. Thgerr?id 170290902 ié 130
E A URAZ SR AIE I o 98 e B0 A Ay S 49 3ok 8 1) "ﬁb‘?{ 5(5) (112(2) ii 226
JHEERT TriE e —A 748 S8 E H SR Ek KddCup’99 494 022 41 23

I iR AR Ty 30 3 S 0T 40 23 2 3 6h MR A A Ty HEAT
A BAEIE 1R B A FAE R AL 10 FAZ SCRAE A T34 4 R IE A 2.

S0 R BT FH B 0 2 8 R g e R R B RE T B R B 1) ILER 4% TR 2 50 A T W T B AR R A
7, LR /N 6,28 SRR I 0.1, 0 AR 7 (3, N SCH AR AR 2.0 1 B g Uy 2K 1) S 2 e o A T Ak B
ERRIE ) ICDRA KK 5 2.4 75T 7R 43 J 2 el 1) 92 ot e 2040 17 Ak 5500245 id A SICDRA.
42 MRER
4.2.1 #:T ICDRA {525
4211 PIBEE SEMAA R

T AR AS SR I BRI A RO, e 7 AN/ N SR AT R A S O 5 2 TR B (GA) I £
P TRT A VAT X . oAy T T A, W A 1R 4 1 DU B R ik AR BOA ) 300 4K, 38t4% BvE TP AR S AR L 0.4,
A X HEZR I 0.8, FE AR Sy 50.

F 2 gy WS IR B AR AT 8 — A AR BT (AR 45 SR A T 10 FEAS SUERIF SR ph I R AR AN
K, B3 ICDRA HEAT 44 435 AR H0E F1) 300 A48 113344, 238 RS o 0 1 2 40 A 0.5.38 1 accur Rn Al
FH 53T AR 43 25 38 6 WA AR 23 25753 B 1 40 FEIE i K sclas Ron a8 XA 70 28 TE 4% per_redu 75t R Il 24T
AAE T A2 AR W & 6T Glass, Iris,Lymph R Wine X 4 A% 4548 ] ICDRA fij fk J5 170 IE 1 2R B4R L
WAL SR 22 (A LR AL AR AL B T 80% LA b, JEHJZ Iris I 2 T 92%, 1T 344 S03E 15 B I i 4k R A 2 60%.
%t Winsconsin,Monk,Pima iX 3 AN 42, 018 /2 73 2 IE i 58 2 T AL %% ICDRA #1461 1iff FH gt A% Sk i1k
153 1) 8 SR AT WL, 06k B 17 4 ) 5L ICDRA 2R I MY BE 3t A% 530k 0 40 X0 48 2R A8 0, 4 B0 RS 088 I 3 — e
9 Y S R I S O A A 1) 350 T 48 K I CDRA TS0 SIS 5 A 3 T e, 2 SBE3R TH A E AH [F) 4% L0 o4 JU) S s
A AT R 1R R B 3 At 5o A% il 1, BRAT 1 7 45 4.2.2 75 PSR T SICDRA S K R e i 85 30647 ff AL S 36, 9F 5
ICDRA ¥ ] 1b 45 AT X L.

Table 2 Test results of small scale data sets

=2 MBS NN G R

accur clas per_redu

Data'See Without reduction ___ ICDRA GA ICDRA GA ICDRA GA
Glass 0.695 6 060473 062838 | 0906786 080357 | 081905 055595
Iris 0.954 0 0.905 0.917 1 1 091556  0.597 78
Lymph 0.865 8 065521  0.706 25 0.99 0.905 0.89 0.576 11
Wine 0.953 3 089560  0.918 97 1 0.987 5 0.89722  0.59306
Winsconsin 0.960 7 096771 096682 | 099891 097935 | 0.70725 0.540 7
Monk - 055045 054556 | 0.98906 095714 | 070955  0.550 22
Pima - 068157 067435 | 096053 094279 | 064474 053207
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42.1.2 ZHOXNFIEIEREI W

e 3 (1) nT A HE 536 0 B BR3P S B AN A 1 3 5 ) 81 4 208 1 3 R0 1] 40 23 3 1 8 IR A 0] 556 0 2 kR T
R 8K AR I 2, 22 2B /I B T A 26560 53 R B S e 5 K, IR 2, 2 AN A KT, 43 288 L0 3 56 53 A0 2 1 53 el 65 K. 1A
2 ABUAN [ A A o) B P B (1 B S 56 AE 9256 A4 SUEX 0.1,0.2,.....,0.9, 43R AR IR B0A 2 300 AR 2 1k
Bk

4(a)~ &l 4(f) 2> B T Hodii 4 Glass, Iris,Lymph,Wine,Wisconsin 1 Thyroid ) i 44 S 86 45 52 H i sz 28 4¢
2% per_redu Bl 2 B AT AR AV 1) R 28, 2 26 1R 3% clas B2 3AM A8 4b RUAE, 1T A I 22 D) 465 H A8 K I aceur R84k 3
A NBL R SRe nl LU B E AN S K clas (W{EAT BT #T per_redu MIARET B4 AME AL 05 A4
i ,accur AT LAIK 1 — AN i BT 2. 2 B0 SRR I OC H, IX A R0 A gl 2 T 1 B8 o 1

1.00 Py 1.00——0—0—0——0—O0—0—0-—0
S T YD ; SHRPA == @ accur
0.95] .- © 1 0.98 --0-clas |
0.90% —e— per-redu
o.sém 0.96 1
0.80 g 0.94 ]
> >
0.75 @ accur | A 0.92‘5——_6\9—‘9\9/6\9—-9—()
--@-- clas I Q -©
0.70 per-redu 0 900 @---.., P
S . : . O
0.65 o. .
........ 0.88 O ©® i
0-600 ........ 0009 O....... B o) (o}
055 1 1 1 1 1 1 1 086
01 02 03 04 05 06 07 08 09 01 02 03 04 05 06 07 08 09
A A
(a) Glass (b) Iris
e P P S . NS S, SRS 1.00 gm0 -0 @00 00
0.95+ ] 098} @ accur 1
5 90‘9\ --0-- clas
} D 096! —o—per-redu| |
0.85+ >
> 450l o accur || 0.94 | 1
' --©--clas Fo)
0751 —©—per-redu| | 092+ - Q ]
0.70 - o o)
[ D Uy NP
0.65 0 Q@@ Qe gy O ) 0.886" ‘ ‘ ‘ ‘ ‘ ‘ ‘
01 02 03 04 05 06 07 08 09 01 02 03 04 05 06 0.7 08 09
A A
(c) Lymph (d) Wine
100g=—=—0—0—0——0 0 ——0-—-0 ‘ .
[ 3 RPN O e @ gyereee o O @poeeeees T > TEUTI o N
0.95 O @0 9
0.90
@ accur
---0-- clas
0.85 1 >
> —O—per-redu 0.75 O accur |
---0-- clas ]
0.80 0.70 —e— per-redu
0.65 4
0.75 0.60 o
?W) PR g O @ @ A
070 1 I I 055 1 1 1 1 1 1
01 02 03 04 05 06 07 08 09 01 02 03 04 05 06 07 08 09
A A
(e) Wisconsin (f) Thyroid

Fig.4 Variation of accur, clas and per_redu with 4

€ 4 accur,clas #1 per_redu B A% 4= 28 1k 1 1th 25

© HEEREETOR

http:// www. jos. org. cn



ANRE FATFALRE RGOSR 811

422 T SICDRA ffaifk szt
4.2.2.1 SICDRA F1 ICDRA Pl 32 %) He 52 5

M 4.2.1 TR SEG 25 FnT DUE H 2 B ARSI K B 44 31 00 TR A 2R B T R R T
PR G it A FEE i 500 A IASE A W 184 K, S 800 SIS B T I, T Lk B 19 45 1 SO0 AN AR 1 A0 5 BRI 75 8 (1 5 O
5 B A AR 22 35 R R AR 4 R SR 1R SE 36 b IRATT SR SICDRA S JLAN KRB A 80 4T 4k S 36 5 T % AN )
BTG S 2 At AU L3 3.

A LTHT PRI R AL S X L S0 25 S N GRRE ARSI 690 19K 2 494 022, iR 5 — 41 Time 511
R BEPAT SR e R B R VR — A LA R T xR e 3 AN B B K I B
4E,ICDRA {E & I 7] P9 A I8 4T 58, R G AT 19 31 B J5 45 R, SICDRA B AT I A g AN FE 45 H T AT 4 A3
P4 0 AL T2 0 45 SRR W] BT LLE B, W K accur fE AR AH R (H &M% T ICDRA,SICDRA 13 £ [
per_redu ¥R T 20% LA b Sk A, S5 2 T (R I TR A BE R 2 A R B 48 ek X T AR A REASE g 690 11 Australian
K42, SICDRA [F4RAT I8 (1] 9 2% ICDRA [f) 1/6, 1M % T FE A AL 10 992 1) Pen K4 48, i & I AT I ) 29 2
JE# 1) 1/80.7] WL, AHEL ICDRA,SICDRA [N [A] 52 2% FE AGAT 22, HMSC SI0HE FE B =4 2 JUASE 184 K X 26 A 3 it
FEIRASTE N ) . 24 B ik 3 108(Kdd Cup’99) I, SICDRA (¥ 7 4k 4Kk SR s % (5 B 1 75% LA b, Fak i 11 5
FEAF-EEXT 311 029 MMRFEA AT 43 5,45 210 73 28 IE 1 %l 96.95%.

Table 3  Setting of parameter t

R3 SHMRE

Australian DNA Thyroid Pen Letter Adult Kdd Cup’99
t 3 10 15 35 50 50 500

Table 4 Comparison of the two algorithms
x4 PRI IRT AR

Data sets accur clas per_redu Time (s)
ICDRA SICDRA ICDRA SICDRA ICDRA SICDRA ICDRA SICDRA
Australian 0.773 68 0.81579 0.96 0.979 17 0.666 67 0.822 98 1854.8 321.25
Thyroid 0.917 01 0.903 44 0.982 76 0.96 0.562 44 0.796 3 1.1428e+05 17 751
DNA 0.702 36 0.709 95 0.845 0.99 0.550 6 0.758 89 1.3095e+05 5255.3
Pen 0.97341 0.965 12 0.995 99 0.990 48 0.550 78 0.793 91 4.5052e+05 5885.2
Letter - 0.896 4 - 0.846 - 0.676 37 - -
Adult - 0.741 43 - 0.877 44 - 0.652 43 - -
Kdd Cup’99 — 0.969 5 — 0.977 25 — 0.750 71 — —

4.2.2.2 SICDRA 5 JLFPMZ $J5 L MF LL 45 2R

R T RIS F SICDRA 5 LAt J LR T Z50H 8 4k 1) 28 SRR HEAT LU, DL Adult B4 1l 36 5
B gz g5 N ZEE T LU H,Cnn,1b2 T Dropl 45 21 ¥ /i fb 3 #87E 90% LA b FZ el 1~y 44 ) FE 3 K, 13 31
[ accur {H#RTE 40% LA T ,clas it #81R /i Drop2 L34 1) accur #1 clas 43 51l 14 2] 83% A1 85% LA I+, {H /& per_redu
tt SICDRA ZE 72, LA 60%. 1] LA AR X T 20 Ath JU AN /5 1%, 4% SCHR HA I 45032 SICDRA g 1% 15 E1 fif Ak 2 f1 3 2 1E
B3P 3 2 IR) — AR L AT 322, e — P A 280 v a0 7 4 7 k.

Table 5 Comparison results on data set Adult
R5 B Adult Fr0T H 2B 45 5

Algorithms Cnn 1b2 Dropl Drop2 SICDRA
accur 0.364 5 0.363 7 0.2631 0.8309 0.741 4
clas 0.5217 0.494 2 0.249 2 0.856 1 0.877 4
per_redu 0.973 4 0.995 7 0.950 9 0.603 3 0.652 4

4223 BH R EIEMERER W
FEEE 4.2.2.1 TSI P BT AN R RUBE R B 4 4 e T AN R A IE N ¢ L E R R AL t
S P I X SV B 2 (R T A 485 SR AN BAT B 1) 52 AR K ZE AT 7 LU Letter A1 DNA H 5 4245 il o) % 3k

© HEEREETOR
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AT S8 5 AT

545 H T t M\ 30 B4k F) 120 BF X H R AR Letter (KR 45 L. 18 6 45 H T t A\ 2 84K F 30 B X EHE 45 DNA
BRI &5 SR I A B (@) x Al AT y o S 3R JE B € AN AR K z R s S A RE AL I 5(0) 1 x Sl AN y Sl 5
5(a)AH [,z fZR T 43R, B 5(c) KR AL bR 3 7 J2 50t A A e 7n SV 3 AT I Tl B 5(d) A A A A 55 B 5(c)AH T,
RN AR IMRAE A 1 732 IE A 5, SE LR AR R A 2.

FH B 5(a) #1181 5(b) W] LAt BE A t (%) 19 O, S50 Wi S 5 o e, L7330 1) e 24 14D 5 R T 15 0 % 0 AN )
FE L2 (1 14K e ] 5(c) B 5(d)FRATT T LA 3 BEF t 135K, R RAT IR (8] Time SEPRE N %, S5 218 N R 0 K 0E
TERAE t N TR —BME R AR K, TS ¢ I — VG 5 IR T e 78 ST bR N o BATT I, 224 9 285 31 5T 16 15 )
NG FEARZE R A Num 3530504 ¢ 2, BTk g A% K FE Length=Num/t. 11 F1H P B 7] %01, Length HX[100,200]%%
453, B, t=Num/Length(100<Length<200).

Generation 0 20 t
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Fig.5 Sensitivity in relation to parameter t (Data set Letter)

K 5t SEON S e 1 52w (Letter 24 4E)

ARSNGB T ) v S PR LB H () SR 38 o I 3 45 SV P T DKM B T A, B8 Y T iR 1) B0l R
J7 i e ye e Bt T A 05 R I ) — 28 BAT AR AR /N UBEAR HE UCT Bt (14 ] A6 SE R ] T 1% 57
RIS R R I AR SO T oL S 0 AT 1 A 25 B AR WAL AR A X SV P B 10 R 0 B T e A I DX 1) B
XA B R 4 ] A I SR A IO 1 el R, 5 LN 20 T SR x4 7 AR AT Ol S T 45 SR W 7 0 K B S
HEAT TRIAG IR ARDRE T 7 305, A2 7 R RES R PR M 488 ey W S 88 19 21 S AR P & 2R B S T L S oy 1 T 24 Bt 1
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Fig.6 Sensitivity in relation to parameter t (Data set DNA)
Kl 6t ZHO0 LM RER I (DNA il 4k)
References:
[1] Liu H, Motoda H. Instance Selection and Construction for Data Mining. New York: Kluwer Academic Publishers, 2001. 3-20.
[2] Takashi F, Akio D. A Study of data reduction method with data accuracy for triangle data. In: Barolli L, ed. Proc. of the 11th Int’l
Conf. on Parallel and Distributed Systems. Washington: IEEE Computer Society, 2005. 210-213.
[3] Charu CA. An efficient subspace sampling framework for high-dimensional data reduction, selectivity estimation, and
nearest-neighbor search. IEEE Trans. on Knowledge and Data Engineering, 2004,16(10):1247-1262.
[4] Lynch RS, Willett P K. A theoretical performance analysis of the Bayesian data reduction algorithm. In: Proc. of the 2005 IEEE
Int’l Symposium on Systems, Man, and Cybernetics. Piscataway: IEEE Systems, Man, and Cybernetics Society, 2005. 330-335.
[5] Tahani H, Plummer B, Hemamalini NS. A new data reduction algorithm for pattern classification. In: Proc. of the 1996 IEEE Int’l
Conf. on Acoustics, Speech and Signal Processing. Piscataway: IEEE Signal Processing Society, 1996. 3446—3449.
[6] Cano JR, Herrera F, Lozano M. Using evolutionary algorithms as instance selection for data reduction in KDD: An experimental
study. IEEE Trans. on Evolutionary Computation, 2003,7(6):561-575.
[71 Liu H, Motoda H. Feature Selection for Knowledge Discovery and Data Mining. New York: Kluwer Academic Publishers, 1998.
[8] LiuH, Motoda H. On issues of instance selection. Data Mining and Knowledge Discovery, 2002,6(2):115-130.
[9]1 Cano JR, Herrera F, Lozano M. On the combination of evolutionary algorithm and stratified strategies for training set selection in
data mining. Applied Soft Computation, 2006,6(3):323-332.
[10] Hart PE. The condensed nearest neighbor rule. IEEE Trans. on Information Theory, 1968,1T-14(3):515-516.

I

http:// www. jos. org. cn



814 Journal of Software #4+3 4% Vol.20, No.4, April 2009

[11] Kibbler D, Aha DW. Learning representative exemplars of concepts: An initial case of study. In: Shavlik JW, Dietterich TG, eds.
Readings in Machine Learning. San Fransisco: Morgan Kaufmann Publishers, 1990. 108-114.

[12] Aha DW, Kibbler D, Albert MK. Instance-Based learning algorithms. Machine Learning, 1991,6(1):37-66.

[13] Wilson DR, Martinez TR. Instance pruning techniques. In: Fisher DH, ed. Proc. of the 14th Int’l Conf. on Machine Learning. San
Fransisco: Morgan Kaufmann Publishers, 1997. 403-411.

[14] Skalak DB. Prototype and feature selection by sampling and random mutation hill climbing algorithms. In: Cohen WC, Hirsh H,
eds. Proc. of the 11th Int’l Conf. on Machine Learning. San Fransisco: Morgan Kaufmann Publishers, 1994. 293-301.

[15] De Castro LN, Von Zuben FJ. Learning and optimization using the clonal selection principle. IEEE Trans. on Evolutionary
Computation, 2002,6(3):239-251.

[16] Jiao LC, Du HF, Liu F, Gong MG. Immunological Computation for Optimization, Learning and Recognition. Beijing: Science
Press, 2006 (in Chinese).

B 1 305 25 S -

[16] FE 2= p AL e a1 55, 2 S S e AL v 5L 2% 30 5 R0 AL 5 R HE R AL, 2006.

NIR(L979—), 5 IR HE BN 1+ Al
OB, BT TN N\ T G R 4
Sk Bl 2 0, R AL

FEBEAE(1979—), B, 1 A=, 32 SERF ST Ak
NI R RE T 5

FRHE(1982—), &, Wi+ A=, T B HE ST N
N T4 2 488 Bt 42 98

FNZEFE(1983 —), Lo, 18— A, 32 TEHF 7T A
HNTRPERGE I M.

FEER(1959—), I 1 b 3 1 LR
Jill,CCF i g 2x b3, X BT S U F 4R i
N AEPSY N

A FFTOR

http:// www. jos. org. cn



