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Abstract

In this paper, we proposed a novel construction-algorithm (FP-algorithm) for
neural networks and applied it to the field of pattern recognition. After pointing
out some defects of the common used BP-algorithm which tunes the network little
by little, we stated that the network can be constructed by our FP-algorithm, so
long as the problem is concerned with pattern recognition, and a recognition rate of
100% to the training patterns is ensured by the algorithm.

We mapped the characteristics space of patterns to a super-sphere and found
out that one neuron functionally equals to one circle-cover on the sphere. So we
translated the work of network construction to the work of circle-covering. A cover-
ing algorithm — C? (Cover one Class by one Class) — is proposed to solve problems
of multi-dimension and multi-class.

The computer experiments on classification problems ‘twin-spire in plane’, ‘tri-
spire in plane’; ‘tri-spire in space’, and ‘breast cancer data’ showed that very high
construction speed, small amount of neurons, and high recognition rate are three
major advantages of the FP-algorithm. In the last part of the paper, we summarized

the recent work, and gave out some suggestions on the future work.
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TEF R M 28 221 T T 40P BRI R 2R B oKkt e, A
K, AR, SRR IR Fh oy okt T 5 m 4 B AT SR gRE 7. X HE AT
X =Yk =SB ] T
DEEE 3 £ERELIFAT, ANEXTZ4WE K, K b5 Ky -

Ky: z=0,p=1;

2

K, z:9+%,p:1;
4

K : zzH—l—%,p:l.

EBRTR 5.4, XA ZLATRPREAERGERL, EF 0<2<6r X—FAR
RALIE NG E 10 S F REIFMEF X Z L E R 5T £,

-1 -1

Bl 5.4: ZE =8 M. B FP A0y =B8R, o, A K O HIFR =K%
AR

AT TR ISR S5 R
WEREHE 3.1 & K, Ko, K3 =4 W& L& 61 NMEK S, B

Z:E,

i=0,1,...,60.

KR

% 31 M



AL

MEEHE 3.2 &k Ky, Ko & K3 97 ALK, EHEBHY X3 —0.1r < z < 6.1,
FiX — 30 B PR ALE TR 10000 A5, 23t 2 MO B RHEF B AE A F AR (32 30000
A 8.
MRHEE 3.1 W& Ky, Ko & K3 EEALE I 10,000 4~ % 45 A WX AE K.
XFINGEHR 3.1, HZRE LGSR T 28 MEE, mTIIZEEERE 3.2 NE
BT 37 AR TR 3.1, AME L T I ZRey M 48 Brik iR A28 96.293%
1 99.653%. Tk AN EREEAESEB wmis, WEBRE I 31 5 42, TR
7 96.56% 5 100%.

§5.4 HgfE#PE (Wisconsin Breast Cancer Database)

M[9] AEFATAEE] T SCHR [10] Bril iy Mg it . Py Be 360 S mie, AP
RAERY (benign) FUEMER (malignant). BRECRAI 95 TRESN, BMEASH 94
FAOE, AR RURIRFERA 2. RURETEAWHE IEMY B2 F, IR BIE
FEEH 699 MEARE, HAH 16 MEEREFEA 2.

FZ2% [9] X4 breast-cancer-wisconsin.names J5, FVKE T HICHE SCHk
[10, 11] {5 FI 6 369 R A B R . 2 5 S A R FNEAR AT 14 MR, 3K
A2 T 355 AR, T RN, THERITEX 355 MEATE A KRR i
TERHRESE 1. T ECASE] (10, 11] AYBROC, OURIGE HAE T 59 0 2850000 Bl Dy Rirad /Y
369 MR, FATRLMERE X —7r JE MR8 -

AR 4 AR [9] F RGBS — B EANGELR, HEHER, EFER
MG E AR A B R AER 5T

IR, HRHESCHR [10, 11] FRAY 7L, FROPRF MR RCRSE 1 B9RT—FRL ST 2/3 1F
FNGRBE, RIESL LA A I SRR 48 -

WEREHE 4.1 KR EIEE 1 69aT 177 NEABAE A DI R 335
YIZREHE 4.2 MR 2R 1 49 AT 236 A-ELAEAE A D 4R 40 4%
I LA B R A 1 VRS iAE.

XEFINGREE 4.1, [10] 3 T PIXE-PAT AP IR 2 20 JF, I HLAX X -

X B RCE AR 1 TR AR A 200 R AN ZE N 93.5%. T AT TR adk A w99 4% K
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BHEASEDF IR

HIB I, AIEH 5 R, XA RIES 1 ATPUNED 97.183%, R
XA VU 94.382%. X EE T (10] FRISER. M IR 4.2 B,
PECT T AVE R, (HRIRIECA B R, 0N 98.028%, X TRIAR 1/3 BEATIR
B IAA 94.118%, L [10] Ay 95.9% AR, A EEXT TN GREAR A 4L LT RE
Az, Pt r LR BEE 9 2%

RE—2 AT S R P ACER, PSR F R0 ) 0 A AR RS R Y, AR T
H RUESAR By . WEmEIRE AT AR, BB R A —
SER T X RAERARRY 7028, T2 )5 % RAERR A B e o2 “fais bR T
XYL T2 S IR AT — N ECRAT B, B RSP <238 #fTERE, Mk
EHWTT TR —RE RS HE, W 2EARE. KWMZA = 2RARE
x.
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BERFEWIZITIEX

FRE MPELRE-LSHTIE

ASCRATPAEART T3R8, SRBRPr R YRI5 N 45 DL R B s kA T=4 ~] . o
T —ADHIZH/ NG, RN R T —2 TARTAA T HE 4.
Zerd He ERRIE TS, AR T LR R R SR AR, FRATRTAEE], At
WIZ% CIn_EARRY Y8 5 300%) BT —2u4e i
L. GRS RS PRIEXT TN SR BB AT R I 100%. X TFIFZHER
HERU, X R TR
2. MR NIGREAE AL AL T AR A R B R R B T GRPR A i U5 -
ERERS PRIIE, X T8 H A AY 5 IR % T BERCR DA Sz AL RE 13X W1 77 T H
K. ANRBE T REAE R T BE SE PR S MR A TE S [0 R A A, BRETS BB IR
B DRI, AT AR T P s B 0 5 A 3 A B i SIA B AR X TE O, #HRT R
PRI AR R R & A SR AR A B R S0E, W] REA R RE O B AY 2 2844
3. AT (BB SATEN) AR AR, IERHJLKER A H, A7
486/66 L, JLT B RHE T BB 2 odh. T HEAA LTS
AR R (BRI T HEAS SURIB ) X RE o [l pr A 2 A B w2, B
FRRIMETR, RRAH.
A. TEFE 5 AE & B WUARAS i 2 8] A Y BRAECIR DL T, 9128 BT R M 2270 1 S0 2k
AEHINEBAA R E TER. RNy A7, AR T X — A,
{EL A7 D O fo P A RS 2 A ] T A ) B e B 22 AR 2 1Y
SRR, RE I ST AL D B S (IR, (5] B X AN [R] 95U 23 S ] REAH B 3t
VO RPRAT B 3 505, X050 U — MR PR 8RN aintse, B
LA L7 TR — R R U e X — AR
L EFXF—LURRE B9 0 280U, TFR S 2R R 5%
2. TERCF B — TSR] RE R 2 () AC B GY. FEA B8 2RI, S RRIEAYYE
FAFTREAZIRK. XEFFEA (3.1) R ZERANK, BREAGER. HIt,
B 22 [R] AR T REAS R AT 2R R T AT 5 2 TB) AR B X T Je SR B 5 70 2R Y
SO, JEARIL B
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EHEAZEIF X

3. BUAWB R TIL, EEHR T NIRRT, (EX TR 24 B AR A i e
Ao 28T, MR AR RARE . L, A el FEBUA B A5 0 2% K B i
MESRR S A2 A e, ] LA — P IR R,

4. TERE Y S IMIBTHE R ST B U S5 75 BT P MR g Sy, BUA B9 45 454 B T
AR A BOR SRR DI RE T RAR A RARE & Al 78 PRefsp I 25 A I s A 7]
i, (EHGE G RO ER, BERT.

5. Al KL PO BRI B R SR R A A g — S e, (H R, —
PR VRN 2 25 37 O ] B PR DR PO IR X R R R AR R . 3 — PRl B o]
TEREAE R TR, BB R AL
B2, TR EEMERT, SAFFZ 20 T/EZM

24

TEWRSCHISE R, FRARRABR Y SIT K S E AR AL, 145 Hazfh T
LML, BARX — S FRU R 2By, (EA T D5 3 T 1 2 /45
PR R FH 58K, B JEREd], FFopFiE 1T adEry = TSk, e pieF
Ay IR, AL IR AT B & T BT SR S0 SO A, (E R AENS
WA 52 R B DL SR ST B AR (RIS, SRE TR =i ) ih 5T S Y
AN, WikFEZmARE.

BRI RS, SREANE, ZHEfh, ROP, BRI, MATTFR7ESR,
Hell BARR 3 TARKH B, G MNTATHE, EESRLIR A, X T HAy —L& W]
SRR E, TR ERENGOAHE). FOCERG R AR E THENKZERS. £5
VEIR ST, b (1 THY SR B AT el A 12 S B 1 22—

Belm, IR, RACBAE, HRAMMS; MR, 4
TIGAHAE RGNS RARE, WERARML R NSTRELL A BER %,
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~ e

[1]
2]

SE R

O T4, RRESE, #ARH R, LRF R,  1990.2 55—,

Fu, K. S., Sequential Methods in Pattern Recognition and Machine Learning, Academic Press,
New York, 1968.

K. Hornik, “Approximation capabilities of multilayer feedforward networks,” Neural Networks
v 4, pp. 251-257, 1991.

BT, B, ATAY&RZ — B 05 ER, BT BB, 19935 £
K, KRS, “ZRERAIHRMAEMNERN S I MEEEHIE, HAF R, v 6 n 7, pp. 440-448,
1995.
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FEAXFEWIZITEX

fiskA  HEER
SA.1  XFATESKEBNER

HTETHE, XBEIrA R84 R R TE—F 486/66 £, Windows 95 ) DOS
W RZETE—ERF RN, sRER, DBAYIES L KRB, (HiH
F Windows T Z4¢ B 5y #ERE IR BE T5 2L (R], wioX A0 H fy B ) R — KRB 2
%, HRDRE—ANER. R AL A2 5R04H T SCHE o208 Z B 5
I BHMEAE 5 M 2B I s T SR M 25 5. ARG LR (] RBAH R Hh 4
BIESEAFTFH2E, AT BABEER RN 0.1.

® Al: AZREBESEWEMBFRIELE

B B3 WgkeA | B | FI0HE | ERf | MhilEE | HAER
(FEA%D) (d) (486/66) (%)
TR O BE | 1.1 (156) 19.3496 0.05s 10 1.1 98.245
1.2 (20000) | 19.5056 32.95s 10 1.1 99.995
T = HERE | 2.1 (234) 19.3496 0.22s 24 2.1 91.11
2.2 (30000) | 19.5066 90.465 26 2.1 99.067
=] = HEGE | 3.1 (183) 19.3761 0.22s 28 3.1 96.293
3.2 (30000) | 19.6874 81.56s 37 3.1 99.653
WMOREBGE | 4.1 (177) 30.0 0.06s 5 BAESE 1 | 97.183
4.2 (236) 30.0 0.11s 7 BAESE 1 | 98.028

R A2 MABERRHEERLEESZEZFENSEER

[v1] £ WgkEA | ¥R | IR | B | Wik | A%
(FEAZY) (d) (486/66) (%)
S RUEE | 1.1 (156) 19.3496 0.06s 13 1.1 98.355
1.2 (20000) | 19.5056 26.70s 13 1.1 100.0
T = EE | 2.1 (234) 19.3496 0.27s 24 2.1 91.41
2.2 (30000) | 19.5066 89.47s 26 2.1 99.987
23 [ =B | 3.1 (183) 19.3761 0.17s 31 3.1 96.56
3.2 (30000) | 19.6874 | 104.41s 42 3.1 100.0
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BHEAZEWIZIX

FERUR IR 5> KL

§A.2

TERSR AR, FNT B Hh P USR] el P 2 2 B i 125 B N T {2 o ) i 28 2
mIRPR Rl B A SR DA MEESE IR BIE. BT RN
R E RIS, PILHRE N R 3 55 2 K00 A 1 .

KRG EIE 1.1 BTEYER

KGR 1.1, PR d = 19.3496, FIRRBIRIRTE 0.05 AR ANIEE] T 10
M. EmEAE (B —ENSE0 UATES 2R ABEN T

& A3 BREBEZEMINGHE 1.1 WESZERRNEE_ESH

Ell I AR AR B {5 FENE
Linel —0.833817 1.61995 19.2636 369.786 -89
Line2 0.741275 2.20568 19.2092 361.454 35
Linel 2.49036 0.87857 19.1685 350.546 -34
Line2 0.854883 —1.79928 19.2468 326.607 21
Linel —1.37766 —1.60496 19.2336 302.81 -13
Line2 | —2.41764 0.663283 | 19.1865 270.652 8
Linel —1.72617 3.3631 18.9767 226.739 -9
Line2 3.08558 3.70253 18.7397 147.614 3
Linel 0.216973 | —16.0665 10.781 47.1161 -2
Line2 | —12.7733 12,7733 6.93489 270.979 1
F_ERE 55

KRG EIE 1.2 BTEVER

KHAMNGEE 1.2, B4R d = 19.5056, BB HILTE 35.49 AP NFATFE] T 10
M. BREEE (S —ENSE0) URES R MARUENR A4 miEH
AR 092288 5k, MITE 26.70 By, 53T 13 DEE, HEARmMT IR
A5,

>
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BUEASEIFI

~ e

R A4 BEBZEMNGHIE 1.2 DEZEREMNEE_ESH

25 ] 1 AL {5 EENE
Linel | —2.73165 0.85193 | 19.2946 375.662 -89
Line2 | 0.144662 2.63364 | 19.3265 366.931 55
Linel | 2.60267 1.27594 | 19.289 354.318 -34
Line2 | 2.40376 —1.82811 | 19.2704 335.504 21
Linel | —1.2062 —1.81774 | 19.3832 306.084 -13
Line2 | —3.38489 0.060542 | 19.2096 280.483 8
Linel | —1.78212 3.34594 | 19.1337 231.197 5
Line2 | 2.35404 —0.400784 | 19.3589 182.918 3
Linel | 3.1382 —15.456 11.4775 50.8325 -2
Line2 | 3.11978 16.8082 9.39256 | —67.0917 1
FERE 99
& A5 BESHINEEEZZINIGEKIE 1.2 WESER
e [A] et A8 A B fE B ERE
Linel | —2.7146 0.871225 19.2961 375.752 -322
Line2 0.193643 2.63549 19.3258 367.134 199
Linel 2.6272 0.767916 19.3126 354.685 -123
Line2 | —0.184677 | —1.88541 19.4134 337.805 76
Linel | —2.37029 —1.62647 19.2926 318.441 A7
Line2 | —0.843264 1.80346 19.4037 287.278 29
Linel 1.50755 2.80277 19.2442 252.268 -18
Line?2 4.71658 0.494249 18.9203 196.874 11
Linel | 11.6483 ~14.1453 6.6855 | —147.487 -7
Line2 8.10603 14.4214 -10.3337 —73.7646 4
Linel | —11.0828 10.0644 12.5039 350.449 -3
Line2 | —16.1951 8.6473 6.58876 307.337 1
Line2 | —18.7432 1.23392 5.25725 371.226 1
B ERE 199

KR

i




EHEAZEIF X

B XA SiERF

ARSI T AT B Gl 670288 SR 56 F A9 B8 SR S B s 25 SR SR Y
X, R T ER AR T R E R

§B.1 3=

B A B SO D SCA SO, BEARRAR R BATA T, XA VAR, ]
D247 ERUSS 3 IH R, —HREEEIARITA; R LIFE—ATH T 46
SRR FE—AT AR, FTARSITRIA, REFE A= T80 ER; H
EEHAER —AT PR RE, AREBE AT, BN Bk s PO 7
JF 72

H s X — (3R B.1) KA KR BRI A HEL, X T FIEFHARBUE i T
TR AR, X — R ORIE BN T B i R SRR DT R, [T, e A
THRAEGE N, JCHE H 3hE .

R AAE X = (R B.2) BEARILEAFIL, [F— A BARA — AR [ 2 i AL,
EFRARR A RSN, FRF, BE T H R —SE PR 1R OL.

B A BIESAFR T TR B S S RE R, TR E RO L EE. A
DU T3 2R Py B ot 20 R HH 20 S, i LI 32 ot m] AR — s OB 3 i S
BRI ERE (039 FREA. HigXk B3,

§B.2 F—EREFNE

E—ERFHANEFEFAE, B BT —ET (G5 H e
&) AR PR

RO NN BE P J5 A R 2R BE m A VN 2R 8de 2.2 OCF W “traini3s.dat’) gF
TR REAE TR, FEEAEZ)E, BT T S AR B f i/ AR,
FREN L 0.5 FEy HRrE R AR iy AR, B 19.5066. ZJF, RRFH T 89.47 B%
BT 26 M, FPRBEIEEES A EMA Matlab 28] (I H V-8 55) @S
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BEXFEIZITIRX

& B.1: BIEXHFEK—

1% 5 % W HA
1 Type,1 B B AP, FREISCHAL
2 kup BRI IANEL kb B p.
3 n AR R IG4EEL n(> 0).
4 RKE1u... KBk Mz R T R BT
S5~(p+4) | BIE 1L ... p FPEUE, BHTEEE n A LAZSKE A IR A SEEL,
U FFIE nu 28 | AR BRI A AR BRI IEE; 1T R A IZEIE TR
ENIETA
& B.2: HI\XHEAZ
firF o % bt gl
1 Type.2 B e AP e, FREA SO AL
2 k B e
3 n IR A AR n(> 0)
4 K4 1up BRHBT, RIZBPEIENE b
5~ (pr+4) | FELL ... LFFIER p1 ATEUE, AT EEE n A LAZERE S ] BRI 325,
A A B8 1 A B B R R TR (.
KT 4~ (p1 +4) R A H BRI BT DB EAARE AR S /S
X B.3: BEEIEXHEN
(isa M % Wi |
1 k FAEA RN k.
2 KE ... u KBk FAZES TR R BT
3 nud R0 IR 4R n(> 0) Fo == o) A8 eV B i
B4 d.
4 m B, WEEE m.
5~ (m+4) | F#1E Ou F#1E 1u . .. m TR, BATEIE n+1 LLZSHKS S a] ke 52

B, fENE SRR St LiHROs ZIENES
W BR{EL AT AN B B m R 2. Ho
fik 0 oy == 1] AR e B AR B R — 2R RHR . B
[FIG RSB R, FAERIT IR D
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Reading data file ’traini3s.dat’ ... ok
Setting radius to 19.5066 ...
Making clusters ... Using 89470 milliseconds. 26 cluster(s) covered.
Writing cluster file ’clusl3st.cov’ ... ok
Writing Matlab file ’clusi3st.m’ ... ok
Reading cluster file ’clusl3st.cov’ ... ok
Layer name: Layer 3, neurons: 2
neuron O:
weight: -70226 51409 -18817 -18817 13775 -5042 -5042 3691 -1351
-1351 989 -362 -362 265 -97 -97 71 -26 -26 19 -7 -7 5 -2 -2 1
threshold: 51409
neuron 1:
weight: -40545 -40545 29681 -10864 -10864 7953 -2911 -2911 2131
-780 -780 571 -209 -209 153 -56 -56 41 -15 -15 11 -4 -4 3 -1 -1
threshold: 70226
Reading data file ’testl3.dat’ ... ok
Setting radius to 19.5066 ...
Testing ...
class 1: correct 9998, wrong 2, reject O
class 2: correct 9998, wrong 2, reject O
class 3: correct 10000, wrong O, reject O
class 4: correct 0, wrong O, reject O
Writing TeX file ’clusl3st.ctx’ ... ok

B B.1: SH—ERFH— K T

FIBENT XMF ‘clusi3st.cov’ 5 ‘clusi3st.m’. 3 K, BFBIEESEBEMZE
BB T MRS R M A TTHAUEM EIE. 5, B AIRAEE 2.1 oo
7 ‘testl1d.dat’) JIK T MR IACR, FHR P IAILEREL DTEXAENE AN T 3XF

‘clusl3st.ctx’.

§B.3 SHEREFIER

T B.2 5K B3 plg TR BRI E A IIGREGEE 3.1 #1702k
i&, FEXE 3.1 AT SR, X RAE Pentium-11/233 | 238 o FIATR2IAY.
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E:\LiLing\WORE\ATWFF\Data\Examp? — data\TrainZ3. dat Dats Load, Modify, and Save
Dlata I Class I Frop I Prop I -

Data Linel 1 1]

Data Linel 0951057 0.309017

Data Linel  0.809017 0.587TE5

Data Linel  0.58TTE5 0.809017

Data Linel  0.309017 0. 951057

Data Linel  -3. 49145e-015 1

Data Linel  =0.309017 0. 951057

Data Linel  -0.537TSS 0. 509017

Data Linel  -0.809017 0. 587785

Data Linel  -0.951057 0. 309017

Data Linel -1 -6, 98297015

Data Linel  -0.951057 —0. 309017 Radins: IIQ. 3TE10T1240
Data Linel  -0.309017 -0.587T85

Data Linel  -0.537TS5 -0. 509017

]]alta Linel  -0.309017 —D.IQSIUST vI

4 3

Load | Save |

<t—sm|F-tw>] B | =@

Bl B.2: B ERFEENEASARE T E B A, TR IIGEEE 3.1

E:\LiLing\WORE\ATWFF\Data\Examp? — data\Test®3. dat Untitiled#
Data | Clazs | Prop [ Frop |£| 25  Cluster (s) 0.06 s
Test Linel 00383521 0.999317 Tlazs | Frep TFron =
Test Linel  —0.TTS606 -0. 631217 TR T TR
Test Linel  -0.T894133 -0. 607737 L 19 2q48 O D457
Test Linel -0, 927537 0. 37373 Lo 15 aece & aoaao
Test Linel -0 2T0461 -0. 982731 ine : :

Linel 191311 -2, 72647

Test Linel =0. 733066
Test Linel 0.4977231

:212?23 Line?  1.31088 9. 24782
Test Linel 0.31482 .49l Line3 18 9839 0. 826239

Test Linel -0, 672483 740151 Linel 18 8302

i}

i}

i}

. et
Test Linel -0, 31683 0. 945482 1 | I

i}

0

i}

Test Linel  -0.BO0G18 533175
Test Linel  -0.110464 99388

Test Linel  0.T38153 _BTEE16 ﬂl ﬂl
Test Linel  0.BE82T2 -0, 725453

Test Linel  0.627081 0. 778954 Class |Total |Right | “'Ei!
T+ Tamal n 2eANeq —N EnaaeT hd L1n91 IDDDD 9792 (QT 92%) 2
< | > Line? 10000 9466 (94 66%) &
Line3 10000 9630 (36.3%) 3.7
Load | Save | J I I D

<t—t@| =me | mH | #m

Bl B.3: 3 BRI T MK S, B A IR EE D 3.1

Ll
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