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Label distribution entropy regularized fuzzy (C-means algorithm for
balanced clustering

WANG Zhe-yun, HU Wen-jun', XU Jian-hao, HU Tian-jie

(1. School of Information Engineering, Huzhou University, Huzhou 313000, China; 2. Zhejiang Province Key
Laboratory of Smart Management & Application of Modern Agricultural Resources, Huzhou 313000, China)

Abstract: Many application scenarios require that the number of each category is relatively balanced, and the traditional
fuzzy C'-means (FCM) clustering algorithm cannot achieve this function. For this reason, we first design a label distribution
entropy by using the label information , which can evaluate the balance degree of clustering. Then, the label distribution
entropy and the square loss between the fuzzy membership matrix and the label matrix are simultaneously introduced into
the traditional FCM, and then a fuzzy C-means balanced clustering method based on the regular label distribution entropy
(FCMLpg) is proposed. Besides, this paper designs an optimization algorithm to solve the proposed model through the
iterative strategy and the augmented Lagrange multipliers method. Finally, clustering experiments are performed using
six real data sets, and the results show that the proposed method has good advantages in clustering performance and
balance performance.

Keywords: balanced clustering; fuzzy C-means (FCM); label distribution entropy; square loss; iterative method;
Augmented Lagrange Multipliers (ALMs) method
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IR RN AT BE — B, 8 G AR R e /N REA )
B[] — AL,

eI U HE R R e H R R IR R 2 R
Jik. K A RN (K -means) »& — M T4 43 1)
T3k, LR T HUR R AR AHZ R W 8RB
ZErpC BRUER, HE DAIE FH T 0 Kl o3 AN BR A 1 L. Utk
A — RPNV VEX K-means #E4T 7 A F £ 1 24
. B an: SCER [12] 380 odk g 4G JR S O e U7
£ R T K-means++ H3%; SCHR [13] 18 1 0 k 2
Bok £, 18 7 — Fh %3t 1 ISODATA terative  self-
organizing data) 73T 5%, #e 7 R B A HERA . 3L
MR [14] 76 1984 4ESHL T A58 O 98 5% (fuzzy C-
means, FCM), F44 3¢ J& B e A [0,1] TR0 A 1, JE
o S B DA R AR BRI ot 2 [ (R R B, SR AR
EHHT R R, %7 & T HAA I DGR ERAR TR ) %
B, 0T AN I BAS 11887 1 HHhe S ) G e R ).
X} e 75 5 e R R, SCHR [15-16] 32 1 T R T3
F BV (density-based spatial clustering, DBSC). JZ
VRSO 22 1 [ T ) 1 R S pv) b R 20k B3
IJZIRK R LI, 73 PR TR A RLZ RSN
FZIREER.

IR IR K TTE B4 R ) B BIR 22 A, {H
IR e AR Y A B 2R R R B R B & AR R
/N, BT DA TG R AR G b i ST 1687 2R 5K T L - A SR R
A3 DR PR S, BB P 47 SR RN P i R K. T A TR
il 5 28 &5 2R v B AN 28 9 R /N B O 120 O A - 4 2R
K. GRS R A B, BT TR SIS IR AR LAt 1 1 Al
RES, BRSNS ), S
Wik [18] 7] K -means BRI kAN ZIAOFSEH 7 BKM
(balanced K-means) 5 7%, SCHk [19] 1 5 1 5 250200
(spectral clustering, SC) J7i£$E tH 1 Vb AL 1767
%, B BB AR G — B4 X, SR, # 41 K -means
HTFCM 25 fil] B A7 28 ) SR 2RAR Y, LB R R ¥ %
i 3] 25 2~ 4 17 3 BOAS BE O FH TP AT SRR I L
I, A LA X FCM 503k, B AR 2545 S 18 A5 25 73
A0 15 LAVEAN 56 2 A5 1 S 47 B, o 1 A SR
FEWE NG BR 25 53 A0 45 51 N B FCM, 1% 07 5 AR %
3 AT 485 1E U () FCM 147 282K 77 725 (label distribution
entropy regularized fuzzy C-means algorithm for

balanced clustering, FCM| pg).

1 BRIC¥ME

HEBEEX = [x1,2,...,T,] € R H
W AREARANEL, dOFEAS R4 BE . AR R R AR U0
R X RN e B ARG FCM ALy

min J(W,C) = Zzwfé”wz — cxl|;

i=1 k=1
S.b. wik > 0, Zwik = 1,
k=1
i=1,2,....n, k=1,2,....c (1)

Hi:C = [ey,ep,...,c.] € R>*CRNEHRFPLIE
FESW = [wir] € R™ NS J8 FE5E B, wir, AR
PREARE T R RSB L m(m > 1) AR
BAEEL 2m > 1IN FCM Hi%, m = 1 FCM UJiE
W N EE K 43 (hard C-means, HCM).

WA A 1) R AT DLIE S R A B H 7 VAT SR 5
@Jﬁlﬂ:E‘Jiﬁgﬁﬁvﬁ%qj'bi%ﬁﬁﬁ:

L n
cr = > wiwi /3 wit, )
=1 =1
1

Wik = 2 - (3)

= s — el 7
> (fore)

N T B b i R FCM AT AR SC T AR, 1X BL45 H
FCM K fi ik HAR P IR,

®E1 FCMHL.

N B AR X TR o o RIE AR B max _t
DA BI{H e;

Bt REOR SR B BEAE FE WL R R L C

step 1: BEALIAR AR SR & B2 AR B, 3l 2 28 (1) Hh
LIRS AT

step 2: FIH 2 Q) H R F .0 CO,

step 3: FIFH 3 (3) B WA SR J8 B AR PE W (),

step 4: R H& 24 AT ) W AN C oF & H by 8 200 (1)
HE. # B AIRECK T max ¢ 83 AH AR R B br bR
KB 22 1 45 XHE /N T B E e, W 54T 1k 5 0, 4
t=1t+1,%%step2.

2 ARZESMAE I IE N AR C $1E

FCM R 25 JEAE AR 21 JE S8 o 2 1) (1 1 1, e i
R i 2 A 0 el A AR, JHL s AT R R A9 4 5 2K
L A . TR, FCMOR B A (R 7)) O BIURK,
B DB R e ME. 55 A FCMARE AL K IS AR
AT RE R 5 8 B 25 FERE A [ 73 A 1 O, B AR AN 2K
DL, WU G2 K FCM JE VR 3 H 1187 2R 25 1K B 37
SR ON I, SR R AR A5 AF JE A 3 R 28 20 A e DF
Bl S 17 B AR 5 A8 — A1 5 4 R TIE
PSR 5P SR % £ i) 23 I A, DAV A R ¢ ) 15
L 5 bR A8 O 2 TR PR DL 5 % 22 R RO SR
JEFERE 5 AR RS FE R (07 5 B0 s 2 20 A 49 [ i
AN B FCMAS R e, 37 H AR 25 50 A i 1 0 (R A58 C
P {E T A TR, DA 2 B A 1 A A v PR R AR A [
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xR ¥37%

B, I 39 7 hr i B H SR 3722 (augmented Lagrange
multipliers, ALMs) $i& Hi >R i 45 284 1) 52 B S8 5 A Ab 5
5, JEE W oE B ) BEE R RTINS 8] 52 2% B2 43 AT
21 BRESHIE

BE ZUHEY = [ya] € R™0-15FF) N
BAE AR FRE, 9 778, — Y € Ind &
. DR, AR R HE R Y 5 ASOR SIS R B W 2 (R A
FELN BLS O &

1, wy, = argmax { w;; } ¢

Yir, = =r )

0, otherwise.

Hb = [n1,ng,...,n" € REFRFERMM
lf) 5, He oy, NER R RHOR/N, LA LI 21 b =
YT 1(Y € Ind, 1 NE1HIFR&E). N T A
R ANEEIE e, B AT A 28R/ 22 3t dk B e /K, 3
ne ABEHLER, BN € {n1,n,... 0.} WHT %

D(N) N
D(N):,Z( k—f)
2
2
H (G )

X (S) ||| 5 CAFREE AR H (YY), B

HY)=[b* = YT 1" = Te(Y"1-17Y), (6)
oA Te() AR R I (5) AT (6) AT AL 22 21, 24

WS H(Y) = n?/cli, Ji % D(N) = 0,X &
R I Ie e A P, H (YY) #R, SR D(N)
K, BEREA PRI, K, H(Y) fe% Sk 2
AP R

2.2 FCMpgt&E#!

FCM Hh (1 A58 S5 J J5 B W7 ] W0 SRR 1) i
HHAEL, I8 75 L SR B 122 R Sl R A5 b 2
FEY M 2%, 5340, N T 145 FCM fg id& F P4 3R 28,
PR ILAE TR TR 7000 25 FE AR 43 A M, R AG
T v B S /N 25 90 A . 9, K A% S8 FCML RS Y
S5 P R TTURIRR 25 43 AT A LA G e R, 32 i Nk
SRR

}I,IéllildO(W C\Y)=

Zzwﬁéllwi — P MY - W5+
i=1 k=1

VYT

c
s.t.wik 2 07 Zwlk = 1,
k=1

i=1,2,....n, k=1,2,...,c (7
For N TE A S, T 2 00T 43 A AL R
SPHETFERE. 5 AL S0 FCM 5%k — B, FCM pg 59214
118 FCM 5 HIe A 1 DU, 2 5 0/~ DU 5% g oK
23 EiEKkEE
ERE B R HINEEW., CHY 7%
KA, RIS P2 22T 3FhAS [ 2 8 1) 240 3R 2% 1, L 46 AN
LR LA 4. 1 & — 4> NP-hard
i) 0, B R e A IR . e A B S
MG SR I8 ) . BRI R im0 R Y, SR W
O, ¥ 3R (7) B A Ry 5/ N7 07 45 R TLIE T ) FCM A%
R SR G, B WL C, SR Y B 3 (7) e o — A2 3K
2SR ), S FLIR S Rk BT H R AR AR
1Y [ e, B AR R (7) Hedi
minO(W,C) =
SO wiille — el + MY - W%

i=1 k=1
C
s.t. wir = 0, g wi = 1,
k=1

i=1,2,...,n, k=1,2,...,c (8)

HIEFIATEM D wi = 1, AT LULIE I T ik

k=1
B H a5
L(W,C,a) ZZmemz cel® + MY -
=1 k=1

W||F+Zozz(l—2wlk)

Hor o AT B H T XS 8 e, K Iw 5 200] LA
BN T RE:

T%:_sz“@ x; —ci,) = 0. (10)

EENCOEIESY =Sy

ck=ZwZ§mi/iw%. (11)
=1 1=1

aLﬁfﬁ*—Xﬂ‘ wqp, KA T L A B0 T3 R

Ow;p, -
muwiy | — crll? = 2\ (wik — wir) — o = 0. (12)
1320 (12) 3 R BB AR Bom, T AR —
R, AT LA RGP R AR A DR A 3K (12), BEm = 1A
= 2. dld 3 (12) A] AR 3
Wik = {(QAyik +ai — [l - Ck||2)/(2)\)7 m = 1;
Ayir + i) /(2N + 2]z — e |P), m = 2.

(13)



£ 9HA Iy E. AREH

> AR E N AR C BT R £ 7k 2277

BILATRHEIED wy = VRIFERIHCEHE S ]

k=1
PAERASHA% B H 3fe 1 o (i, R L FB R 20 (13) 75
B F ) A

Wik =

(2Aym<+ }: 0 )/ 2)), m = 1;
O R S ke

(14)
Hrp
dir, = ||lzi — e (15)

IR R B 1w, S RE T 55 LA,
wie B ILNT O FIE L, X 5w > 0 LI R EAF
HAZP J& . D9t T EAcn T b2

Wi, = max(w;x,0), (16)

Wik, = wzk/z Wij. (17

%Flmw%m3ﬁﬁﬁfﬁm%ﬁﬁ

_ _ T 112
min O(Y) =AY = Wik +4|Y"- 1" (8)

HFAREREMEY & —A i, Atke X —
N E Z ¢ RCBHRR A FHY, KX (18)
R — NS A TR AR A R, 2 5 A

min O(Z) = M| Z - W3 +~|2" - 1|’;
Y €Ind

st.Y — Z =0. (19)

A P3G T Hz % B H R4 50 (19) Fe L N L)
SR R, B ARG

min L(Z,U, 1) =\ Z - W3 +~] 2" - 1"+

2
ﬂW—Z+EUH. (20)
2 o lF

Hrb: U RHisHETT, u > 0GR E T, 5 Z 3k
(SRS
Z = (A + I, +291-17) " (2AW + 1Y + U).
21
I, 2 Z U A S e i, 45 2 Y AR AR S
Ui

1
¥ = in [v = (2 - 0)| = pin, 1V - VI
(22)
Hrp
vez-lu (23)
1
FAY & o HEITRE 1N E NI,
AT LA

1, v, = argmax{v;; }S_1;
Qm:{ b = argmax{v Jioy (24)

0, otherwise.

L BRI, FCMpg 1 2R 5K A i B A S0
FEUF.

B2 FCMips Hik.

N B X, R e,p > 1,0 > 0,7 > 0,43
RS > 0,486 U = 0, i KIEAR KB max_t, LA K
AR LI fe /N R e

i R AEREY VREPLC

cstepl.km?ﬂﬁlﬁww € R"XC,HEﬂLfﬁﬂi’ﬂﬁﬁ%
,Tq:zwzk = 1 Mlw;, > 0.

k=1

step 2: A (4) Ky ©.
step 3: A (1) KRR P FEFEC®)
step 4: A FH 2 (15) KA dige.
step 5: [l 8 bR HFE Y, FIFH 5 (14). (16) F1 (17)
Rigw®,
step 6: [ 72 b %% 1 BE Y RBR SR & B A R W,
FIHR QDKM Z®.
step 7: [&il 7& Z+ U Fl p, F] FH 20 (23) F1 (24) 3K fi#t
Y®,
step8: i RiAg BAH U UMY = U® +
pO(Y® — WO, LU B 4 e Y =
putt).
step 9: HEHE 24 BT A9 W CHIY 5 H bR 8 5
(7) HIMH. B IKECK T max_t 50 FH 48 1K B br
BRI HUME 22 ) 2 NHE /N T BRA e, W B4 1k A5 N, 4
t=t+ l,ﬂfstep&
24 KHEEZE S
5 40 1) FCM B35 I IS 18] 52 2% 5 O O (ndc?). &
SCHE H ) FCMy g SR EAT AL R T —FhAs &
BB SRS, MR B H T U R4 T3 1 o #6 f E
I, T DATE SR OE ARG 3R 15 R i s AL . SR O AR
FEWAS AL IR, 5 1 45 2 i S 7 30 2k 0K 3L OE A,
Mﬁm%mM&iﬁzimLL%ﬁ#%%E%
FOERACT 7 91 R T05 45 2 A I 2 . A, 1
BRiEAH, FEWEEEL TN C. WHZEIKR
fife. ARAE (LD AN (14) W LR BLTHE C I 8] 52 % FE
N O(nde), tHEW I [0 52 2% B8 O(nd?c). @i 20
(1) AT AR ARPE I B B (10, 25 55 159 H e 13
(@A + I, +291-17) " =
2\ + p + 2n) I, — 271 -17
XA+ 1) + 2ny(2A + )
H M THE Z (I ) 52 2% BE 9 O (ne). LA L) [A]
8 FE B R, DA I P AR A A N R) R 4

(25)
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HNO(nde + nd?c + n?e). BIRASCIR I FCM pg 5
YRR K T I TR) I, (H % L SRS R AN~ i 418 e W)
3 EWELT

N T BAIE FCMy pp S H0G R, T se it 45 4
H— & CPU A Intel(R) Core(TM)5-8500 3.00 GHz 4
1758 GB. #:1F £ 5t/ Windows 10 [ 6417 FL AN, 5256
“F- 5 29 Matlab R2017b. [A A A SCEF R ) 52 bR 2 H 35
S VAT 5 S ), R SR g AN 258 il %) B AR X
15, it LA FH 6 A - fhi7 #4452, 645 COIL-20. Isoletl
ORL_32x32, UMIST. PIE #1 AR, A} - EL % K -means.
FCM. K-means++. ISODATA . BKM HI FCM_ pg 57
(1) SRR RE AN~ M .
3.1 HEERMAE

6 I H 4% 42 (045 COIL-20. Tsolet]. ORL_32x32.
UMIST. PIE #l AR, 525 5 % 45 > $ 45 £ Fp AR 47
= R S (BN &/ Y R T SRS E AL S
B FH JR 8 O B #5252 (locality preserving projection,
LPP)(221 77 5 068 J5 s B0 405 A 5 e Ak B2, 305 J% 3] 1) 30 408
ZHk = 5, #A%W B S H W T FAE A S E
PEBS A A5 3, DBy 1) SRR J7 B oK il IR AT
{H, K H tikhonov 1E U4k J7 i, W IEMIE R4 o = 0.1.

COIL-20 15 20 R, HLAEAN R R MANF 2
FAFE T 725K By, 3L 1440 5K, B R R B 9 32 %32
1% 2, & M http://www.cs.columbia.edu/CAVE/software/
softlib/coil-20.php T % 45 £. Isolet 1 4 Isolet if &
FRRBISRIG 5 1 3540, BRI 1506 2R E, 4 N
54, BH30 N, 1k 32 T BER 302 IR, XA
RS GATAF S2 A REAR, B FEA B RFAE N 617, BE
http://archive.ics.uci.edu/ml/datasets/ISOLET T #k 15
F. ORL_32x 320 & A X AN [ B[] L AN [F] A
AN Tr) THT 5 25 17 A0 T 08 28 15 #1519 10 5K B, 3£ 400
K, BEAS G I B N 323248 2K, BE M http://www.cl.
cam.ac.uk/research/dtg/attarchive/facedatabase.html
AT 2. UMIST 55 20> x G AN T 1) 11 i 1 2% Fof
FES L PG ZE 33 1) 564 5K N IR, B4 X5 B BEHL
M H 19 5K I, A 5 D9 92 11248 %, BE M http:
/limages.ee.umist.ac.uk/danny/database.html ~ 15 £
PIE G5 53 /M0 RAEARIBAS GRS AF RIS T 1)
1166 5K N J i, B4~ B3 09 323248 3K, BE M http:
/Iwww.ri.cmu.edu/projects/project_418.html | #5715 F.
AR N\ JI: #5405 4 A0 5 126 Ar 0 RAEAS [FDOG IR AN [F]
FAG B IR, 1 B 20 >0 R e L 280 5K [ v, A
147 32x321% &, BE M http://rvll.ecn.purdue.edu/aleix/
aleix_face_DB.html | %15 2. SZI6 B4 45 1 B AR5

xR 37 %
SR 1R,
FT1 SIBESE
EAE/ e BB FEAKL REEE RAIEC FR4EERURRERL
COIL-20 ¥k 1440 1024 20 220
Isolet 1 EE 1560 617 26 470
ORL_32x32 A& 400 1024 40 40
UMIST NI 380 10304 20 400
PIE AE 1166 1024 53 200
AR AN 280 1024 20 110

3.2 iHOERR
A LI LUR 3ANE W PE A 48 AR VR BT
AR 5 28 M R RO T 1 R 1 A ME
# (accuracy, ACC) 5 #f H.{5 & (normalized mutual
information, NMI) ¥/ 5 258 1 47 25 1%, 48 F A 14 46
(normalized entropy, NE) PEAf ZEHE T FHEDIRAS.
ACCHh5E X F:
ACC = Z d(s;, map(g;))/n.

i=1

Horbon MR R T FEALH; 6(x,y) B0
R A =y, WA N 1, BN 0; s, SIS
s IR AR 2 ¢ 9 SEIAS B 3R AR 25 map(q;) 2
B TR bR 2 5 SR R AR 25 UL TE PO R S5 bR 5. ACC {R B
PNEP S S 2

MIP TSR DA 28 S 45 -5 B dls 4R 5 70 A (3
ARESE, € X0 T:

TiyYq
MIX. V)= > pliy;): logzm'
r,€X,y; €Y pxi) - p\Y;

27
Horb: XN FIR T SRR, Y NS TR A5 B 128
5, p(z:) WEHEE T FEA K8 T3 o IR, p(y;)
NEIEEE PRI SR TRy BIBEER, p(a, y;) NAE
R FERIREA KU & T Ay BOIR A 2R 72 S
ey ey, — AU P AR E BLAS B NMI AR T

_ MI(X,Y)
NMI(X,Y) = (), B))’

Hph E(X)MEY) 70 3 9284 X MY 1485 NMIBk
K, 2 B0 B e
NEZ iy &2 58 A ) P R B, 5 LU R

1
NE = ——Z%log%.
logck:1 n n

Horp: c N R BHH, np N K BFEARLEH, n HERE
EFTHEFEARSH. NE = 1 858 2 P47 145,
P O RN SR A1
33 LEHER

X T FCMy pg 503, S A P A0 A [R] FRASORE InBLHE
BB = 18 m = 2, FH ECMpe™ = MTFCM pg™ =2

(26)

(28)

(29)
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a3 K. TE3EAT ALMs FE A B, B8 37 26 p B0 K T
1IN #E p = 1.005, 4 = {0.1,0.01}, F H i L 1
BN FNE S T AR E W R ES 5 DRt
R R R kR L X SR E R/l {He =
1x 100710, g RIEARIREL BN 1000 K. IENALZELN
A {0.1,0.3,0.5,0.7,0.9,1.1,1.3,1.5,1.7,1.9 } ik

B, a5y M {107°,107%,107,1072,107,
10°, 10", 102, 103, 10*} ik FE s AR AH. A b s 59k
() SR Re A S5 046 SR O 0%, DR A A VR B
HMUHTEE 10 IR, IE KB IR I A S BT IS T 45 31,
KBRS RIERRRLG R, LR R K2~ K4
BT, SR 25 5 DU R 2R (BR 3R 4 1 I BKM).

=2 EMREACC %

EEE 3 K-means FCM  K-means++ ISODATA BKM  FCMipe™~! FCMypg™ ™2
COIL-20 59.58 62.99 61.74 4542 74.38 65.42 76.32
Isolet 1 65.40 62.31 63.78 48.68 60.26 66.47 68.01
ORL_32x32 62.75 59.75 59.50 53.00 57.75 66.25 67.00
UMIST 48.68 52.11 50.79 46.58 56.32 53.16 56.05
PIE 66.04 58.32 63.64 55.06 69.81 59.09 90.14
AR 61.95 60.71 62.50 51.52 66.07 75.36 76.43

#=3 IEEEENMI %

HAsE K-means FCM K-means++ ISODATA BKM  FCMipe™=! FCMpg™=2
COIL-20 71.33 72.53 73.97 61.25 82.13 72.63 80.01
Isolet] 79.95 75.79 77.50 64.94 71.12 77.03 80.01
ORL_32x32 78.31 75.17 71.18 69.91 75.89 78.35 79.97
UMIST 63.56 64.40 61.85 60.78 68.20 65.17 68.09
PIE 86.42 81.85 81.66 73.46 88.12 79.87 93.96
AR 75.75 74.04 70.65 65.01 7831 81.98 83.96

#z4 FREMBNE %o

g/ K-means FCM  K-means++ ISODATA  BKM  FCMipg™=! FCMpg™ =2
COIL-20 92.81 97.55 93.38 86.68 100.00 99,54 99.63
Isolet] 9475 96.35 93.09 90.96 100.00 97.11 95.86
ORL_32x32 96.02 96.21 95.72 95.38 100.00 99.49 99.39
UMIST 94.79 98.35 93.95 97.20 100.00 99.79 98.31
PIE 96.70 96.88 96.20 94.58 100.00 98.02 99.86
AR 94.96 97.72 93.61 93.19 100.00 98.33 99.55

DR 2 MR 3G A] ULE H, X T AR, BKM AR A BT FCM AR B 8351 51 0114

HULE UMIST $ 4 8234 3 5, SR 1M FCMpe™= " £ 3
AN BHEAE (Tolet 1. ORL_32 %32 F1 AR) Al FECM, ™2
7E 5 $4E 4E (COIL-20. Isolet 1. ORL_32x32. PIE il
AR) " # % B3 5 4. 5t T AR 1 B 45 B, BKM 7E
COIL-20 F1 UMIST ¥ 4 4 #5 i ] £ £, FCM pg™
FE AN B3 55 (ORL_32x32 F1 AR) DA J2 FCM pg™ =2
7E 4 M HE4E (Isolet] .« ORL_32x32. PIE Al AR) 13
I F A PR SR ER ORI, BT AR A R A TR SRAT:
AR

2) 13 4 AT %0, BKM 5035 2 A~ i 58 25, I Ik e
BB ER T BEAIA E] T 100 %o, AHEE T HAthf£
G5 R I H L, FCMps™ =" 15 FT AT $0Hs 42 v -1 i 1
# 2 B I, T FCM g™ =2 tH7E 4 /> 45 4E (COIL-
20.ORL_32x32.PIEFI AR) T L HLH T e fELL . %
A TE FCM MR L it b 3 AT 240k, i mT Lo Hr H 5

4 4 »

ARG FCM AL | - J7 45 2R TR B R 28 43 A1 4 A
Gia R T — PR 5 R S FCM . FL A AR
&1 1E N T COIL-20. Isolet] . ORL_32x32. UMIST.
PIE Fll AR iX 6 /™ #( 4 A2 ), 5 Ho At 5509240 bb, 1% 55002
FE R RN RE AN Pl 1 e B X B R 3. (H 2,
T 91 NS5 450 R TR R 25 70 AT 46, A 38 T ks
B H e 5%, R BU™E TS0t £, L
I FE R S Hk £ e EERS e B SRR e, PR anAeT A
PR R A (R S 3 R — D B AR ) 1) R
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