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ART2wNF and Its Stability-plasticity
Dynamic Trade-off Analysis

CHEN Zhong' MO Hong!

Abstract Stability-plasticity dilemma is how to build a sys-
tem that is adaptive enough to learn new things while not dilut-
ing/forgetting previously learned patterns. It is well known that
ART (adaptive resonance theory) network can partially solve the
stability-plasticity dilemma, but the behavior of ART network
is uncertain due to the input order of samples and the pattern
drift problem which is also notable for patterns with gradually
changed center. Inspired by the human neoteny phenomenon
discussed in evolution biology, in order to record the stimulating
degree, we suggest that each node in F» layer be accompanied
by an activity indicator A\, which is also fed back to Fj layer
as a parameter of the calculation of STM (short term memory)
vectors. The modified ART2 network has the remarkable fea-
ture of neoteny during learning process and is called ART2wNF
(adaptive resonance theory with neoteny feature) in this paper.
The feasibility of the arithmetic is theoretically proved for the
introduction of A\ at first. Then the performance and distinct-
ness of ART2wNF in stability and plasticity are compared with
ART?2 by analyzing the learning process for randomly generated
samples. It also shows the distinctive ability to overcome the
shortage of ART2 caused by different input orders.
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resonance theory (ART), ART2 network, ART2wNF

Citation Chen Zhong, Mo Hong. ART2wNF and its stability-
plasticity dynamic trade-off analysis. Acta Automatica Sinica,
2013, 39(8): 1381—1388

ek E A 2012-06-27 A H 2013-03-04

Manuscript received June 27, 2012; accepted March 4, 2013

B % ARG (61074903, 61233088), LBt H AL ST A R4
(e R at R M by T S IR S U N i B i 7 g ]

1 5l
1.1 FREM — AT EB M el 7

T G o) 48 2 ) A5 B (R 28 B IR MR R A e, — A
52 TR PR I ST R T 36 R T RE AS P S AR B 7 A A p
h T RRE S AR, R i A o) R E AR, HIX X S
A D 286 3k LA 2 ST A, T 2R 25 T W3 I, X “F&
M — TR B A)E (Stability-plasticity dilemma). fA]
B U, A M — T 9 A A ) 2 &R G ] 7E A 2D B
)R [Ny G 08 B R AT I C 2. 7ERE U ST ST 4
B, 38N IX S & 1 Carpenter Z54E B 1E N B TR PR
(Adaptive resonance theory, ART) HIBF5T 02, A
TE VI R 19 2% 1R T I Ut ) P ) 5 R A HL BB A8 3 4 M AR AR
TE M — TV P ), H RO R 2 AR RIS T R 4 T
AP0 78 ART [%h, Briffase bk (Stability) 2325
FEAE G E B A AR M, S RGNS AT gD R4 ]
WYL (Plasticity) W& RGKYE— RPN B & B
HEATINIRGR 1S (Recognition codes), 754 S ik fEH, A
MARGIAZ TAE A B A RS s 5| X R 23, —A
AR ART ZR G505 AE S8 PRS2 1) 38 i 1) 42
AL A T I DL A ) R G T I PR S S ARk, TR
YT AT R ECE S IR A R R R e v H A i
N ART2 45 Bt 55 20 Al v A5 8 1 — v 98 P W A i) A8, 32
FARILAE LR PIAN J5 T :

1) ALAETUAC — F B LI P = 0 R R A 2 v R
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RIS, R PR R T L IR AT IE e 28, BT T g I
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e PSS IENES- A
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w- - v u~ ¢ M p NEIILIZ (Short-term memory, STM)
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Fig.1 Typical Structures of ART2 network
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) BT T 48, MEASTE e BT 5 p 1L
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[3-4].
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KOS LA, SR IZE G SR T EUE AT R
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18IERES)
Sk [3] B, 2 o 2R T A SGE, XY
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221

%f — d(1—d) L%d fzJ} S

Kb, 2 By J20EEE T AR g(yg) = d, oAby
Moglys) =0, Ho < d < 18 ik (1) w4, 534w
RIZEAHEL, ART2 4% 10 S 2k i 2 — w2 e e — P 2L
218 4 (1) BEELL, T LA S BOR 8% > (Slow
learning) #i):

25(t+ At) = Atdu + (1 — Atd(1 — d)zs(t)  (2)

VFZ2 O 7575 o U AL, FFTfHFR o %)
% (Learning rate). 832 S N HAARE LTM M 2,
SRR, X PR ERR 2 2 P4 (Slow recoding).
TR & T 10 246 7 32 482 D) 29 v B e A A S B IF T3], 7 2 A%
) 2 v JUJ B e T2 =) Tl e
222 PHRES

M ANFEAFFLL I ) 2 A, BIR ] ¢ — oo, S5 T
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Mgk 2 ART2 fF 57 SCHRIE H K H Pod % 2] (Fast learning)
FEL B 1 b R () bk R, SOk [4], )
PUIE W 7E K AR 22 21 440 T, LTM Wi 25 5 Fy 2
R R AR e ) AR [ PR IEE A ST I AR AR S LTM [
zg MWRME— IR MEIE S 1/(1—d), FRZ A Peid e BUEEME (Fast
commitment).
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FPOREERE T ART2 1M 45540
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TESLBE N, ART2 M 4w i BEa — N EaEm
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Xy A PR, SR (4] e, AR e 2 ) Oy X
AN B R PR P P B AR TN 2 o AR T LA
L b A B 7 ) R, (AT A AR G R UM RS R, SBuT
g EEte. ik, T 1(b) £ (Fy ZEME 0 = 0), 3CHER
[4] $&H T ART2 W13 2% 3] (Intermediate learning)

&, JPRRZHy ART2-A 5%
4 2% Ron—ANBIGEBUG LTM i, 2% = (1 — d)z,
W= (1) ety B ER
dz%
dt

A (4), 25 BAR 2 (R w. 2 J AR By
RN, {EHEAN NPT W], o THEE T I, DAL, s 25 D3R
BoE BT I AR 1/(1 — d), N3RS (R ] )
KEMRK, BAGEHmL 25 ~ I (BERHEIE 3 2 1
). BT, SCER [4] B2UE, FEE 1 (D) Eifd R u
T A

=d(1 - d)(u - 27) (4)

u=NENT + (1 —e)z)) (5)
o, o oy IE— AR AT

dzly N

T ~ed(l — d)(NT — 25) (6)

WA T R, T e MRE, 25 BOE MW [K)IE
PER S AT R R PN AR/ & T DA 1) B
W (1~ d)zg, HISS 7B R R0, RS RE T
FEUnaE. 7EHCF 0TI, SCRR [4) K BRI R AL,
& T ART2-A [#h 4]

I, T AN
*(new) __ «(o
25 S\ NENE + (1 - 6)25°Y), (7)
T T R
L, # 25>
o, v, = JHo<p<1
AN

Wk J A E T R z;(c’ld) R 25 AT
FEAZ I 1IME, z;meW) ST TR S BE. 75 B U R e 1Y
R R FRAEEE T AR €8 (Uncommitted) 1 i, R PLIE
2, A LTM [ IEE ||2]| —KIEE] 1/(1 - d). T4
TR PR U A0S T g 2 (Committed) 15 s B, SR IR
T S 15 TR fogp R gt 7 RTRE A NG SR 1) S
H7 H 2% 3T 10 2R AT AR AE A2 () A L A PR s ZR R P A 3k

YR, (AN BERE AN & AT Dl 3] 548 % 5] ) v Jde
2 2] TSR P A 2 RIS T AE S M A A k. mARPT A R
AEiE T 1(b) 45/ ART2-A, BSR4
AT L 57RO P A TR 4R S AT IS IR LR .

3 BEYTEESFIER ART2wWwNF

AHREEN BP M4, WHEHERIERE, AP
e ANEART R, B ERE RIS R G, C4RE
IEAf A 2 B2 ) 2 T G G SR BT RS AN, )
BRSSPI, T IR AR B, TR AT M 4%
BUE S HAE DL, TR BP WA & S0l £ 55 3h 41 (1 3%
AKfeJ1. W2, ART &YW 5 EYME ARG LR,
IR B S A S BRI ART B8 (146 i 12
R4 (STM) FHIICAZ R SE (LTM) BIME&AEINEN R B 1
P B vt oAt I M A LA R Sh R R 6170 A i 1
TAE, BA B A A LE S ST IS 51N ART208) ) AR S0 iE
X2 ART2wNF [WIEARMEERE L. 5 ART2-A ¥+
IR, XA SE T A ART2 W A8 1.

31 F BTmiEikEEE

BT, BARHAGA R BEWARAWTRE X () €
(0,1]), A AR 7% s 2 B AR . A = 01 AWIdh
RS GEF I AN FER /N ESRITT), Rz s b T RIRR
B, A =1 Rz s NS iE IR, 7E T U2 B0
W, A BTF, 2 MR 2 (8) $RAE T — AN ) A7 A G K
B ik

A (1= A) X a Hi=J

AN =4 [N+ A =X) xa/m, 3 > Am,
{Aj+(1_xj)xa/n2, s <a,, T
(8)

4 Am = 0.6, a = 0.05, ny = 100, ny = 10, VHEKSEE
i gl 2 pros (RREfhgerh, MI4GME X = 0.95). BiflAk
B Bk AT LR Ay W ) b m) DR A Sk 27 ) kB, IR T i 4%
LARTEE SRR 20 2 B

KM S EATAF N KRR 5] 18 IR, WK T
B A = 0.6 (AIARPE T 22 E), IG5 4% ) B 2, mT A4k
g ETF mARERHA R B BLREHE AT, 112
ZEAN Fy J275 RUGBREE S BRI 1/10 308, A
X — R E S IREE W 2| TRIRIERB IS N\, BB HE BR RS
TR AR T B R A AR 1/100. 3X A RIEOR SR
18 WA, TERCH LR R K IZE.

T RS [PV T AE AR 2 RO B 24 A — 2 I B JE Al 52
R BEAWES, KT RS RR SR RN,
48 (CAMP-resporoe element binding protein, CREB)
HENANZ T OO BESTN BR LK 012 B D R
Z, KBTI SHE K CREB 8 A A H R F7 15 KR
AP S R AR o LSRR T R
T#%ﬂ?ﬁ}iﬁ\iﬁﬁ’ﬂjﬁ%: WEREO Z . B, W20
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3.2 ART2wNF %4y
3.2.1 LT

SCik [4] AEUEBRT TR SRR R, K (6) e 11
KANHZH o b YE. —RIEHT, S5 o F1 b HBHE R
R K, DI — NN e 5, INTTH 558 5 I = 10
R, LEH I ART2 W, S50 o F1 b 3H1HE. A
N RLEAS R IR 2% ST BOB S AN LM [ £ 114 5% 1 b AT i AN
[, A AW 4l A RS2 ST IR T &, N IA B &
HHATT YRR L S5 AR e MR AR AE, Rk, AR o AT
IRIME R 15 I 0 AT BT 4. £E I 1 ART2 W0 4% 45 44 1) 4k
fith b, ASOR M AT E B SIS N, Rt By 2, S5
STM [ &iH4, it 3 pros.

AN

SRS
‘ I
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£ 5 1)
% Lg(y,) |
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K3 ART2wNF iy
Fig.3 Structure of ART2wNF
KL P — Fr RGHRE g(ys), & XRE h(ys), TR
Tt 1 R S T R R RS

Agy  AVYETHEHRT A T BAH AL
h = 9
(1) {hold, 75 ) ®)

h(y.) A AR A, K A S T TR
FERMEL Fy 2. ARG B G (IEAEREAT 28— K

Fy 208D 0SB N, SREFIRE 5 howa. 1ZEIE 25 14)
MR A BEE N — AN KT 0 IESEIT], F—T e B 1 %
EBNE BN By JR RS — A B HR A .

£ ART2wNF 1, SEfRZ2 58NS o = a)y,
b* = by, H Ay < 1. HIFIGERERE 22 ) i FR Ay, S50
TSH a B b EB)ELN, RNARRAFRERM B8
HEAEANFRMERE, MTSEPRIESE N o b* SHE k5 Y
B S (T s AN R AN ).
3.2.2 EEAW{TMHIER

SRIMAE ART2 MEEGET, Fy E&)0 TR STM [
BRI, 204 K EEKETG. £ F J23H0EE, |
T AT E B R A T, N RIBUE IR e, Rk, Fy
20 a* b IRICIEN R, DG CIRAT.

T ART2-A 1, T &M FRFER %, Carpenter H 14
T Py WSS 20, B 1(b) Fikp =1 55, 8
FAZBE av b KRS, BATK A EFE 1 45 AR, X

WL ART2 M%, Xy 7E Fp JZ 0SB R A 2520 Fy
R SEER.

EIE 1. £ B ERBEGEN, B ZE STM W& u HiHHE
SRS E T X, 5 o M1 b FIETLR (a > 0,
b>0).

WERR. {F By JEARBEGH, AT g(y:) =0, #p = u,
HENTHC S P DGR i u 1R

1) R EME 0 = 0, t3CHk [4] 5 (71) AT%0:

u = NNI + au) + N(u)) =

m(%%

%(I +a+bAu)A

M, A= ||I+au|l,B=|I+(a+bA)ul.

BT av b BOMIEEL ARG —AN T, B8 )75
I HATE, [N |lu|] =1, e 5% a. b KADTEK.

2 WR0<o<1/y/m, % Q={i,L/|I|| >0}, A
BN RIS 0 AN, 8 X o ol

I;
0,

HE 1 B EEEATE SR, B BIR)E (Bot-
tom layer) FIH[E] 2 (Middle layer) 2 [A] fi&4X, BRI 7E
I—w—z—v—uEEY, 55w =), EFNTHH
ANl . WG, w=1I+au, FHa>0, K w (i€N)
PMESE I, JF S 2 (0 € Q) BEIESR, 11 = (0 € Q) METE
w— z — v PSR P 4S9y, EATHES, TR A
u = N) =N(f(z)) = N(TY).

HT Fy EAEK, Fy ZRHRZEFRTIE (Top layer)
ZMER, By - p > q v EED, Hg=p =
u =N, Mv = (9 + flx) = b+ )NT), S
u = Nw) = NP), BENTEFRTMANEN ©. B 1)
AL w WESEME S o BT D oK. O

TEE 1 ST, M B JEZ8CH A RS e, o
(9) e B b IR ORFF IR howa BIWT. SRR H R Ak
B SO ART2wNE St AR (). B 7 LA AR
b, oM 5% ART2 AHIF, LTM [u) & 1¥% ) S5 R A
PIE MBI R B TEA By 275 R T /M K

*ieQ
FHigQ

»i
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FEIR R 2E, HEH A —WZIEEA Fy 235 S AT LU, iR
A EDZURATBIMEH, Ay BR, RERIH R
MERE N Rz, W — N B AE R TIE A B,
RERI BRI T 3.

3.2.3 BEERL

BN Fo BTSN T —ANE R E R A, Y
TEA KT 0 (RIESL.

KH TR L

1) MR FL BE U, 4 h(ys) =1, %
5 M ART2 W&, oM Fy J2% STM W&, 5, h(ys)
HEATH FAIRE TR Ay

2) Fy 0. 4% ART2 ML Fy EH080E
MJ, EIRE LTM W& 2y MR, 3R ES R FTEERE A

3) Fy JZ STM MM XWIH. b JZIRME LTM &
i, 5 STM [f & p AN, PG4T HAdL STM |3 & 105
BEI, $%30 (9) IR PSS S RIGTEERIE Ay 2 Fy 2

4) R A EE . IR AR, RIS R g,
RAETEBRNELSZ 2) fl3);

5) HEHTIEERIE. $2aC (8) sl Ath 15 v A8 o B B VG BR %,
N 1).

KRtz 4k, ART2wNF il 8PS H A ART2 M 44 4H
[, LTM [ 55 12 > R0 ) R a2 >) el 1 2% >
4  ART2wNF By% 3] iZ 512 w451
4.1 FEIHK

BATAE 30° fHEHEARMEZ 0 = 5 WIES DAL= E
AT E S 1150 ANHE T = [cos(;),sin(0;)], Wik 1 fr
e Hop 44 SRER (%) SRR, 48 SFEA (V) MEED.
FEARLEZ= M 3 At ] 4 B,

WM ART2 MK SHEEN: a=b=5c=0.1,d =
0.9,p = 0.8 (17 PR AL, KT 50 MEAIF N —2K),
ART2wNF [ R A %o (8) . W 1 2,5
zg; YL 25 AREE, HAILRE R 0, MIEAAH fA 2 Sl 0°.

42 TREM-TTEMES
4.2.1 TAEMH
4211 B—HARESTRE

SRR N PN P SR 47 S

TB L KAER/AN 48 SHAS 1 SHEAN AL E,
SRIG, AL 5 T 53 R NP~ 2] (1) ART2. 8387 > 1
ART?2 Fl ART2wNF W%2%3] gk By — Fy 2 LTM W&
zy; [AHAZE ALt 28;

$ 2. BARERAR 44 SHAS 1 SRR HALE,
WmHE LK.

PRI S LTM [ &t 2z AR ] 5 v 30°
A ELM ER LR, B 5 R

1) P 2% 2] R ROE 27 2] #0755y 52 BIRE A H BT 1) 5%
M, ANAN — A FEARI AT A, 25 53530 AP0 8 i i 10 A
Al (30° f01), M 5] 2 g AR EE L .

2) FXTM S, ART2wNF SZEEAS AT 1) 52 06 W 12 95
59, IX0E A2 U FES: S IR, SRR \ B A,
MFK (6) I e MXRA, Mg dtan. BARE A
FERRAE AN 2z HEAT PREE B, (AR IS % S W2,
WAFEARIZBEHURT =4, TEEEMANZANFEARE, A BTt
RGAR DU IREE — A FEACH SR I K520, BEA OB A
JE. PIREER T, 25 BETE S, AR ERTS.

1

0.9
0.8

02 0.4 0.6 0.8 1
cos (0)

K4 PR B M
Fig.4 Distribution of samples

£1 MAIEZAAHT 50 DA BEFEA

Table 1 50 samples belong to normal distribution
No. 0; No. 0; No. 0; No. 0; No. 0;
1 25.68 11 24.55 21 26.92 31 37.10 41 24.26
2 30.39 12 30.16 22 33.74 32 31.46 42 30.52
3 23.93 13 32.76 23 29.04 33 30.99 43 33.61
4 24.43 14 35.50 24 34.44 34 37.94 44* 42.93
5 29.97 15 37.72 25 26.18 35 25.98 45 26.67
6 37.66 16 30.43 26 22.99 36 33.48 46 30.94
7 26.15 17 22.54 27 22.89 37 34.18 47 29.59
8 31.86 18 26.29 28 32.44 38 28.78 48Y 20.33
9 28.87 19 24.69 29 29.11 39 31.09 49 27.80
10 35.59 20 41.75 30 29.02 40 24.17 50 21.03
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