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Multi-module TSK Fuzzy System Based on Training Space Reconstruction
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Abstract: A multi-training module Takagi-Sugeno-Kang (TSK) fuzzy classifier, H-TSK-FS, is proposed by means of reconstruction of
training sample space. H-TSK-FS has good classification performance and high interpretability, which can solve the problems of existing
hierarchical fuzzy classifiers such as the output and fuzzy rules of intermediate layer that are difficult to explain. In order to achieve
enhanced classification performance, H-TSK-FS is composed of several optimized zero-order TSK fuzzy classifiers. These zero-order
TSK fuzzy classifiers adopt an ingenious training method. The original training sample, part of the sample of the previous layer and part
of the decision information that most approximates the real value in all the training layers are projected into the training module of the
current layer and constitute its input space. In this way, the training results of the previous layers play a guiding and controlling role in the
training of the current layer. This method of randomly selecting sample points and training features within a certain range can open up the
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manifold structure of the original input space and ensure better or equivalent classification performance. In addition, this study focuses on
data sets with a small number of sample points and a small number of training features. In the design of each training unit, extreme
learning machine is used to obtain the Then-part parameters of fuzzy rules. For each intermediate training layer, short rules are used to
express knowledge. Each fuzzy rule determines the variable input features and Gaussian membership function by means of constraints, in
order to ensure that the selected input features are highly interpretable. Experimental results of real datasets and application cases show
that H-TSK-FS enhances classification performance and high interpretability.

Key words: TSK fuzzy system; multi-module training; interpret ability; extreme learning machine
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AN UNZRASE e FLAT n] AR M 5 — 7 T JBL I A5 /D R AR S I R — s PR b R PR ARASE R 1) 5 % 3 3 v VI 5K
AT, — B H-TSK-FS i@ VI 2R 4544 5 H-TSK-FS 52 1] LLIEAT iR 14,

TR At H-TSK-FS bt Hfth 22 J2 1 25 (0 2% F1 BP 4 5 90 4% 57 EL A ] e . 224 8% 00— S O ) AR08 40 2 2%
MG, H-TSK-FS ) 3 1 753 5 afi LAARE 8 1 L0 ] AR ek IR 185 2 ) P 1 A S0 3 B AT 48 1 SR T g i1 1
2 — AT 583 RO AT AR P T LAV 40 A 3 2 WK TSK AR 43 28 B8 A5 AN BB K DU BT 45 1 B SR I X 7 e i 2
43 22 R TSK AR 43 248 1) J SR 10 0] 2 Ik &5 44
2.2 H-TSK-FSE %

XL FRATTSE IR H-TSK-FS REAN I 2R B (1) 2 33 S0k WD B00k 18R )5 45 Y H-TSK-FS, BRI AN 52 3] 5135: 2,

B3k 1. X H-TSK-FS, 2 nl AN 2 b i) 2 =) 803k,

(1.1) BEMIML T A M NERE R 5 A& sk B B8 FUNL. FUN2. FUN3. FUN4 Fl1 FUNS, S poos [

76 DX [ [0, 1] . HAZ 6 B ¥ € 7R [0,1] 4, oeR.
(1.2) HIUAAFAE PR S 5E FE MR, FEIN 2B AR B TR.
(1.3) VHEBEANRFAE xqj 14 v 40T SR e ek 2 A
u(k, x;) =exp(—(x; —a,)*/o7) (18)
b 4% %8 B oy eR, ove[0,1]a,€[0,1].
(1.4) VHEAEANRRE WA

v, (%)= l_g(/‘i_TRm(J—vl)u(k:Xij)) (19)
1

(1.5) SRR L1 w:
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d
Wi :ijl(xij) (20)
j=1
(1.6) 43 B 002 %t FELRE Hyy:
WA W A
T]NWN1+A UNWNKnI +A NxKp

KH, my .,y BRI GETE R, A 388X e R0 ) Ak 150 58 R HAh 7 3k 15
(1.7) VA nl AU T B ACGE By
-1
pu-wi[Eremms] T @

Ho C R IE ML S H, 1 & — AN B AR R
(1.8) ISy AR BE Yy

YnI:HnIﬂnI (23)
B N ORRT S 14 b
o i1
AR ELM,IX B FATTHEESS nl AN IR i B Boy:
-1
R e
T A2 A3 e 0 A QS5 A
-1
ﬂnlz(él-,'HrrlHnlj HnIT (25)

AR, 3R (25) T L IR I B2 2R R O(K®) S8R T AE 23 3X(24) Hh T 0 o 11 42 2% 2 12 O(N®).
TR KO S B N N IE /NS 22 b T AR 2 B rp /N R S 4, DR X K (24) 2
FIA) S 1 A 2X(25) B 5E FH T R 4R 4 AT 55
o YW 2
SR C R AT LAAESTE 1P 3 1 5 2 50X HE, C AR T LA 98 L e K 1 B A6 A 5 b, C il LEE
££47{400,...,10003 H 3E i X #5485
HRAE 590 1, N AR 75 5 M 45 ) H-TSK-FS #8A4N 2% 3 509 B A 2.
B 3% 2. H-TSK-FS % 3 13,
HNNZEE X=[X0,Xo o Xn] 0 R ZBFR A T=[tn o, ] T I XoeRAT T 402 th e {+1,—13; 75 ), %) T
Z A te{l,2,...,c} HH,n=1,2,.. N Fl ¢(>2) /&2 1 H i A H-TSK-FS H, VI 2R (¥ 3 B ¢ 58 o NL.
(2.1) BN JRUIZFEALE X FIRAR B T,
(2.2) For nl=2 to NL do
(22.1)  HRAEHEEE HOL ] RSFM, 73 201 ZR 50l XY, TIVI 2558 nl AN JEA #LG,
(2.2.2)  FAFUEE nl-1 A UNGRBEH R Yo, 7 2E 38 50 G i N 25 1, B X0, Y gy g T
Emxmuxowﬁu§¢nm%mmm%ﬁm%EW%ﬁﬂw%%E%%kﬁ
i=1
(2.2.3) nl=nl+1.
end for
(2.3) iyt 5 VI A B ASORA 0 D00 60 5 A I A8 B 1 2 80
PR ORXT L 2 4
o NN LU i M R R B, Ay Sk R M T RE A IR N TR A v oy — U T N % R E,
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H-TSK-FS (143 2Pk fig B IR GA R AE AR 2, | )23 340 FEAS s b B I RR AR R AR 7 )2 I 30 03 e 3 A5
SN T HT I UNZRBOHE K G0 &5 40, T5) I 0N SR 8008 45 0 R A 3 K IR o B AT I 1% %5 s il TR AR i 2
AN Gy Ik KB R, FRATTIA R K 2 AU B NL AT AR — AN B R
o M 2FRATA N RIEINGREAE B B 28 FEAS S0 B RRAE A R DL T IR 58 B IR 3 43
P AE BAE — e R LnT DLFT I s 4y i N 25 18] (0 908 45 400 B A 8 U1 4 e o 1) e 3 4 B T LUAE S 2
T2 00 A R A, 2 A A X T DA S O A0 398 5 94 - SIS i D B, 11 0 DR AR A 2 i) o (3 o A AR i AE —
SRR AR T AR AR VT A5 A 42 15 23 2Pk e 46 A0 18 U0, > AT YN SRASEH I 3 43 Y SR AR B R B
— AN YIRS N 25 ) o ) B A DR — AN IR R N 25 ) 09 mi & SR AE X Rl 5 0 2k F — A
I GRBEHR L bR b BBUZ AR 3 00/ 32/ T3 RGN 4y B Mk BE Rz Ak g,
2.3 BREEZEX Lo
HEA H-TSK-FS [ ] 53 2% 55 43 4 35043 58 nl AN UITZRASE B [ B ) 52 2% 82 LA R HEA™ H-TSK-FS [ i 1] 53 7%
FE ARAE S 188 nl AN SR B (0 B IR 52 2% B K S0 BUR L 4 ARG AR e TRy IR B ) 52 2% 5 0
O(c(d+d +nl)Kpy), X HL,d A2 JE AR AAH N REAE S, o' 38 ORS00 A S RO IE 5L, K, (2 BORIR %L X F MR,
BRI TR) 2 2% P 6 o O((d + d + nK ) PHELHERE H, B A 2% B O(eN(d +d’ +nl)?K,,) , 35 By I A& 2% i
& O(NS + NK,, + Ky ) Ak DI nl AN G ) 52 2% B R80T LR 2 2 O(eN(d +d +nl)? Ky + N3).
FRHE 5% 2,1 T H-TSK-FS BB A NL T EL, VI 2k H-TSK-FS [ i (8] 52 2% B R 302
O(%(CN (d+d +nl)’K,, + anl)}

ni=1

ARG, 2 N AN AR R TR L KBNS, Uk H-TSK-FS R IR i) 52 2 2 ] U pli it 2R PE ).
3 SRR

AN B S0 R H-TSK-FS ()% B8 . 311K A UCI(https://archive.ics.uci.edu/ml/datasets.html) 54 4
B 5 AN AR, A I B A — B TSK BRI 73 2888 L . KEEL R 4F 1T A48 vh 5 /N0 Ak IR AR 23 5 2%
(FURIA&CA4.5), H 12 X $857k 5 H-TSK-FS HAT X Lb. 6T KEEL B2 MF B L2 http:www.keel.es/
download.php. & 1 JE/R T X4 =533/ % 4028 UCIH H 54 DL & B SE 5 5 4 £ 45 8 Bank-Marketing
dataset™ 2% 75 A S b, BT A KO SE FR TG A — Ak b B OF FLBE HLAH RN Bt S5 P 6 75% IR REA ] T 25, 3
R A U T B0 AR B 5 A8 FH 20 200G B A I 225 D0 b TR) A A P B i A SR VP Ak BT AT EE T 9% 1 M e AR S
¥ 75 B 64GB N 7 1) E5-2609 v2 2.5GHZ CPU(2 AN Ab B 8%) I v S HL b 3k 4T.

Table 1 Five datasets

F1 5k
Datasets No. of training samples No. of testing samples No. of features No. of classes
Musk (MUS) 4949 1649 168 2
Skin-Segmentation (SKI) 183 793 61 264 4 2
Hayes-roth (HAY) 99 33 6 3
HAPT (HAP) 8197 2732 561 12
Kddcup99 (KDD) 370516 123 505 41 23

31 ZHRISDEKIEE

N T WEE H-TSK-FS )43 25V i, 70 A B8 2 3t g 7 2Ll ek  ASHIT 90 R 2 B FL— B TSK Bp) 43 s 212
A by S b 7 3k 1 AR FH 1 BP S5 4 28 I 48 1 T oK, A 40 K35 (M S H00 . o T 2 B A — [ TSK BRI 3 25 8%
W5 Je FCMIVRT SVML AT 7 6 1 T4 25 K0 38 9 4% 4822 AN 0.01 31 100 HE4T ¥ B, 11 % g 0.1,FCM H#% 1
K0 E RIASCARR DU 50 [, RS 25 550 r (4 b m] LI ik 99 4% 48 2% M 0.01 31 100 HEAT 15 &, IRV B 24 0.1 T4 2K 8%
FURIA 1 CA.5, 147 2 B0 LA 06 B 1) BROAEL. T T A 43 B AN DI A He (A0 0 I 550 1) 162 52 7 705 MUS. 3
PRGN 5~20,5 K8 1;SKI BRI IEE & 50~1 000,25 K8 50;HAY Him4E M alfE h 5~20, KN

© TEBREEEEIEDT  htp/ www. jos. org. cn



A% AT IAE R EH S AR TSK LM A 4 3515

1L;HAP B354 i IA) Bk 5~20,25 K4 1;KDD #di £E i1 1] g >4 500~1 500,25 K 50.

FT T 0 N AR I R ROR) S5 Je8 o B0 8 3o 2 v B (5 ) T BB AL SR M, S 3 WK H-TSK-FS A7 7E 2 R sl
GRAR I 7702 T A7 b 3k T S I I R AR 3 A T e () — ol 4 AT S K, T T A (14 45 ) RSB
W I H-TSK-FS ¥ ) Ml vk Lo AR 98 AE 5 ANMERAE B T BRI 95.96%,94.71%,85.94%,
51.88%7F1 60.86%, HH 1V [t 45 ¥4 43 %) & 3-2-2-2,300-100-25,3-2-2-2,7-3-2 F1 500-300-50.

PRIFREAN B B (0 U RS O AR AT 000 T 10 AR B A I ZR BB e (R AR 0 I ke 8% H-TSK-FS
15 ek e 3% 2 Bk 3 i Ik “ S (bRt 22) " 7R 220 IR S 06 1) &5 R AN HE R I, X T 5 AN B4 48 H-TSK-FS LL R
B TSK R 73 8% 111k e B4, 43 )3 51 95.96%,94.71%,85.94%,51.88% 1 60.86% (1) 15 11 4 Il 25 K5 £ .
MF 2 T LUt H-TSK-FS 43 281 B8 2 B 4 1R A I 50RG 2 RS T oK B H-TSK-FS W T 1% FI 1 5 A4
PRAR FUF B e T oAt 23 2848 55 — U T, A3 VI 0K J8 A0 kG F 5% H-TSK-FS 71 5 MR L T —
B TSK AR 2 25 4% (HE AR T 2 M TSK B 732828 A0, 75 K 2 215 0~ H-TSK-FS B0k BEAE T 2B fil—
B TSK B 4 24 88 X B EE H-TSK-FS HA R IF 1z ALk gE.

Table 2 Fuzzy rules and classification accuracies

2 BOBIRLUA 2 S AER

Dataset FURIA C4.5 H-TSK-FS
Rules  Training (%) Testing (%) | Rules Training (%) Testing (%) | Rules Training (%) Testing (%)
MUS 10.50 94.85 (0) 93.58 (0) = 95.11 (0.01) 95.03 (0) 9.00 95.96 (5.26) 95.48 (2.23)

SKI | 45000 9459 (0) 92.83 (0)
HAY | 4.00 86.25(0)  77.50 (0.01)
HAP | 1550 50.42(0.02) 48.73 (0.05)
KDD |1200.75  59.62 (0) 57.83 (0)
Mean | 33615  77.15(0)  74.09(0.0.1)

93.99 (0) 93.04 (0) | 42500 94.71(1.21) 93.27 (2.12)
85.90 (0) 84.05(0) | 3.75 85.94(1.62) 76.58 (2.81)
49.52 (0.01) 49.05(0.01) | 12.75 51.88 (3.45) 50.41 (2.85)
58.76 (0.01) 57.89 (0.01) | 945.75 60.86 (2.99) 59.38 (3.72)
76.66 (0.01)  75.81(0) | 279.25 77.87 (2.91) 75.02 (2.75)

Table 3 Average training time and test time of the 5 classifiers
F 3 5 AN IR T YN ZRIN R AT I 8]

Zero-order TSK First-order TSK FURIA cas H-TSK-FS
Datasets fuzzy classifier fuzzy classifier

Training Testing Training Testing | Training | Testing | Training | Testing Training Testing
MUS 48.01 (0.09) 0.06 64.52 (1.97) 0.27 - - - - 57.51 (12.77) 0.22
SKI 946.59 (75.61) | 54.60 | 2.5e+04 (69.29) | 75.74 - - - - 2.1e+04 (12.53) | 69.21
HAY 0.09 (0) 0 0.62 (0.02) 0.01 - - - - 0.11 (0) 0
HAP 922.59 (10.77) | 0.91 |1231.45(98.56) | 1.72 - - - - 1207.43 (78.77) | 1.55
KDD |5.6e+04 (345.62) | 69.52 | 8.8e+04 (596.85) | 77.95 - - - - 3.4e+04 (123.59) |1 285.90
Mean |11 583.46 (86.42)| 1.09 |22 859.32 (10.69)| 31.14 — — — — |11 2583.01 (45.53)| 271.38

2 T K WE H-TSK-FS BE A4 ReE il 50 17 A0 & 2R 1 Pk BB 2R 1. 38 4 31 1 T 1 AN 4 2 s 58 i )l
R T AR ORGS0 45 R W) E R 2 B0 00 H-TSK-FS ] 3 e 45 411 it 2 S B 467 1) 23 25 1 B T 7 3
T T 22 00 T Rl e AiE 1) S 56 485 31 49 L HAP s 48 i 561 AMRRIE IS 5 1 WKFlG H-TSK-FS 433k 13 T
47.92%,45.85% ¥ I Z5 AT BURS B2 Bh T — B TSK BRI 2 52515 BRE BEJ2 48.49% = T 47.92%, 9 H KT F b
TSK HEH 73 S 2 AH N IR K B2 43.51%, PRk, n] DA% R3S 2 IRl & #:4F . H-TSK-FS 4373k 1% T 51.29%71 49.81%
YN 50K B R RS 7. T 51.29% KT 48.49%,H-TSK-FS 4k&: % E% 3 aha, Wi 4> 3515 51.88%1
50.41% (1 I 25 kG B AT RS S8 X B RE 20T 3 IRMGFIERAE S H-TSK-FS [\l ZRRG B2 4G B 4R & i
I H-TSK-FS ELZEFFI—Fr TSK BRI 2 282% B AT W IR 6T HAY S i se 8728 1 iy,
H-TSK-FS 3k £3 IR RIS B2 5 — By TSK SR 4 28 88 20 A 1 200 B AL T — B TSK B8 4 25 4% . A
I H-TSK-FS 4E4EHEAT 58 2 Rl 1, HL3RAS EL BRI — By TSK BRI 20 2 2% 5 T A0 Y1 280K 8 00 00 30K 25 4%
IM,°4 H-TSK-FS SZHLEE 3 K. 2 4 IRAG AR J5 9T A3 R I R0 0 RS P2 AR R B A AR A X A G o 1, Bl
ANESHAT 2 1A A
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Table 4 Training & testing accuracies of H-TSK-FS after several feature-fusions (%)
R4 ZRAEFHE )G H-TSK-FS B 25K R RTIRRS B (%)
Datasets The 1st feature-fusion The 2nd feature-fusion The 3rd feature-fusion
Training Testing Training Testing Training Testing
MUS 92.52 (2.65) 89.65 93.85 (2.01) 90.41 94.88 (2.32) 91.50
SKI 91.50 (0.99) 89.67 92.56 (1.04) 90.75 94.71 (1.21) 93.27
HAY 81.09 (0.98) 77.80 83.96 (1.22) 81.77 83.14 (1.52) 80.94
HAP 48.95 (2.62) 47.85 50.92 (2.12) 47.98 51.88 (3.45) 50.41
KDD 56.85 (2.52) 55.64 59.82 (2.15) 54.87 59.41 (0.99) 57.45
Datasets The 4th feature-fusion The 5th feature-fusion The 6th feature-fusion
Training Testing Training Testing Training Testing
MUS 94.02 (1.19) 90.58 95.96 (5.26) 95.48 = -
SKI - - - - _4 -
HAY 85.94 (1.62) 76.58 - - - -
HAP - - - - - -
KDD 60.86 (2.10) 59.38 — — — —
A2 5 ] LUK HEL H-TSK-FS Eb—Fir TSK R 7328 481247 SR 5 EL 2B TSK ROR 73 2K 218
Table 5 Training & testing time of H-TSK-FS after several feature-enhancements (s)
R5 ZRKALEFHE G H-TSK-FS {11 25 i o) A0 9038 s 1) ©)
Datasets The_ 1_st feature-fusion i Thg 2_nd feature-fusion i Th_e ?rd feature-fusion _
Training Testing Training Testing Training Testing
MUS 42.59 (2.36) 0.01 45.85 (2.12) 0.02 47.89 (2.55) 0.02
SKIl 1.5e+04 (11.52) 51.62 1.9e+04 (12.50) 52.69 2.2e+04 (10.56) 53.62
HAY 0.05 (0) 0 0.07 (0) 0 0.09 (0) 0
HAP 966.92 (52.63) 1.20 1 025.63 (45.61) 1.92 1256.92 (46.52) 211
KDD 2.9e+04 (117.50) 956.84 3.0e+04 (121.62) 1011.59 3.5e+04 (117.81) 129551
Datasets The 4th feature-fusion The 5th feature-fusion The 6th feature-fusion
Training Testing Training Testing Training Testing
MUS 49.51 (2.51) 0.02 60.28 (2.10) 0.02 - -
SKI X - - - - =
HAY 0.11 (0) 0 - - _ b
HAP = - - - - -
KDD 3.6e+04 (118.52) 1302.58 — — - e
I H H-TSK-FS 14 I 2k I ) 00 3 I [ il A il 40 4F 250 000 8 22 110 AN IR 384 . © A7 S 86 45 Ll LR

W, H-TSK-FS X F 53 2R/12 73 AT 55 K U2 — AN BRARGE 3 AR 1M, Hh1 - Flt 15 R A1 28068 70 SRAE f 2 1) 5% i 350K, 1A
L, B e A AN B AR I H-TSK-FS 2 18 4 30 K Bl a F5 AL, U5 R AR K — AR R 5T iR

3.2 ET It R ayES:Bank-Marketing£ 15 &

AN A5 A# F Bank-Marketing 3 41920035

Gt H-TSK-FS [0 8 R al iR vt e i 22 881 /MFE

A 2 R IR S RE A S8 4 BN 2008 4F 5 H~2010 4F 11 H 1958 S5 T 23 30 35 Bols A B S 16 MR,

KRN F_1F 2,... F_16.

AN A RRAL . SERE R FIRAH [R5 AR 5250 A0 RN 5 Y8 L 4 20~200. 11 T H-TSK-FS [#1]
FAREPE AL RS H-TSK-FS [ AH )3 &5 R AR KL AR 45 5236, 6F T Bank-Marketing i 82, H-TSK-FS 7E 1% $ 4 45 I
IR B A 90.54%.3 N0 LE s B6 IRORE J « IS AT I RN s BG 25 IR R S50 6 Fk 7 v Hirp " RORANTT B2 I

(] (bt 3z 4T 4h).

Table 6  Accuracies and number of fuzzy rules obtained for Bank-Marketing dataset
F 6 XIT Bank-Marketing s £ 3845 A% B RIRLR 0 00) 2

Zero-order TSK fuzzy classifier First-order TSK fuzzy classifier H-TSK-FS
Rules Training (%)  Testing (%) Rules  Training (%)  Testing (%) Rules  Training (%) Testing (%)
150 88.64 (0.37) 87.96 120 88.93 (0.25) 88.01 85 90.54 (1.20) 85.67

© PEBEEG T

http:// Www. jos. org. cn



A% AT IAE R EH S AR TSK LM A 4 3517

Table 7 Training and testing time on Bank-Marketing dataset (s)
Fz 7 & Bank-Marketing 4 42 b 11 Y1 2k s ) 03035 B i) ()
Zero-order TSK fuzzy classifier First-order TSK fuzzy classifier H-TSK-FS
Training Testing Training Testing Training Testing
21.48 (0.1) 0.03 349.91 (3.07) 0.70 171.11 (2.63) 1.51

MF 6 T LAE i, H-TSK-FS fiffi 2 bL 2 F A —Fir TSK BORI 73 K88 M BE4F. W GR 7 IR I IR ] T AR
Hh s T S LU B H-TSK-FS LE— By TSK RO 7 RAEH s 713 S0P (H LEZ By TSKASOH] 73 24858 5012 73 41,
A T AE TSRO I 1) R AR Ik FRATT AN H-TSK-FS SRAF I BT A BRI h BEHLIEE 8 4N AR5k 8
HON L HEAT B4
Table 8 Rule description
&8 MW

IF THEN output y (class label)

Fea_i 1 2 3 4 5 12 13 14 15 16 Y-1 is

Rule 1 1 4 3 6 2 4 5 2 6 4 1 0.705 6 (+1)
Rule 2 1 3 5 1 2 3 2 6 2 2 3 0.251 0 (+1)
Rule 3 2 2 4 1 5 1 5 3 2 3 2 -0.292 8 (-1)
Rule 4 6 5 3 4 2 2 1 4 3 2 3 0.301 3 (+1)
Rule 5 5 1 2 2 1 5 3 2 2 4 4 0.862 5 (+1)
Rule 6 2 6 4 1 2 5 2 1 3 5 4 0.081 2 (+1)
Rule 7 5 1 5 2 5 1 4 5 5 3 3 0.559 3 (+1)
Rule 8 4 1 1 2 4 2 5 3 1 4 5 —0.778 1 (-1)

1E4% 8 b b T ik 7 48, 3471 very low. low. mediume. high. very high F1 Don’t involve 3%/ 1,2,3,4,5,6
KRR UL LG, o] DUR 75 5 ks 2% 8 (U] 1 3R 7R ok

IF F_1is very low AND F_2 is high AND F_3 is medium AND F_4 is Don’ t involve AND F_5 is low AND ...
AND F_12 is high AND F_13 is very high AND F_14 is low AND F_15 is Don’t involve AND F_16 is high AND
F_Y1isvery low

THEN y=0.7056 (+1)

Ho F_Y1 £/R H-TSK-FS 5 1 Il Zpmsiidn i (¥ ik & Rk

b R T PR RS R UL A 965 v ) T R 12k

4 B

nws

UL 10 53 SRR 43 2 28 400 3 07 SO [R), AR S0 Ik b s A5 A PR 2% ST WL LA BCRAAE i A T BEA 36 — PRy
R 43 J2 TSK BRI 43 288 H-TSK-FS.H-TSK-FS i id ¥ 2 A B TSK B 7> K as 1% I — e 5 A& 4l & 78
X PN G AT AR SRR ZRREA . 20 2 DN ZRAEAS fA5 B LA R 23 Y3k AR B (AT J2 A IR e i
JE I B I ) — AR T — NN GRBEER 1 4 A 1) R VR R FE R A R AE T — AN U R ] MR R
BBt R AT T B A i N 2 ) ER SR T2 485 ), DN T o) LA S T A4 4 98 10 43 Sk e 480 g 00, 22 T DI A B 10
ST BE A 5% B R — AN Y 2R gy N 25 1] o, 8] I 4 D TR — A U1 iR B iy N\ 225 () ) il R A1 X RN 57
O AU ZRBEE S B ke ) — o0 2 (R4 1R T, LSR8 s 34 RS0 73 2P BEFIZ 1b 1 e R T ELM,
A AU AR BT v) LR SR A AR ) 1) J5 1 2 50, 32 3B 2R 52 19 3 2 i 01 S A SRR ), 3 i —
SE R JE 30 B P BEATL 36 R N AR AT Lo ORI 194 v 0T SR o 4, e 1e 75 B0 S VI B R I 18 5 A v TR 2
RORI I LA K H-TSK-FS (¥ %t B A7 5s i o] R Ik 05 i, S 30 200 AR A0 N R R W T H-TSK-FS & — M
T B0 43 SR TR AR 7 S o 0 I FH 3 35 o AT 5 24 b U A 50 O 2 B (B A DI R e r g R 8. Y252
HSE) ) P AT TR TT R AR
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