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Frequency domain sampling of byte seﬁ% s for malware classification

Jiang Yongkang, S u Yang YuLong
(Institute of Guizhou Aerospace Measuring @sting Technology, Guiyang 550009, China)

Abstract: Recently, methods of using machine lear<n:g t ectly extract features from byte sequences and classify malware have
received widespread attention. However, byte s f malware are long, directly inputting them into models for training will
involve large time and space overheads, making 1 cult to adapt to massive samples in big data scenarios. To address this prob-

lem, this paper proposes a malware clasgificatiopmethod based on frequency domain sampling of byte sequences. A frequency do-

main sampling strategy is designed th screte Fourier transform to retain main low-frequency components in byte sequence,

synthesize new short signals, an > the purpose of improving training efficiency. Experimental results show that compared
with the state-of-the-art malw sification method based on raw byte sequences, the proposed method has comparable accura-
cy and can reduce the model training time and GPU memory usage by more than 90% and 50% respectively.

Key words: malware classification; byte sequences; frequency domain sampling; machine learning

0 3% FREIEHEAT MBI KW TR E T E k"
SR 43 2 B TG A0 S R A R i TR AORER I 1 B, B B A4 2R
YA IS B R, HE o TR 2 2 A R 5 TP B — ﬁﬂ,%ﬁAﬁ$x%$%$ﬂ%%ﬂ*%%@ﬁ[0

AT, kT R R ] R R e K L] BRI c= (e, o, ey o] B, HirXe, =1,
VAR T B TR Y, WK, AT m = argmax (¢), m =0 FIR RAEHM,

SRRy K7 KB LAl TSR m=1 FURHI 0B R R . W M =1, S
TSR 150 i, WL RS A RIS 5 oot BT R SO R — A R M=2,
Jrvk. SETE AR 7 R T 2 A E TR, PSRRI BT 16 R R R0 2 00, L R Pk AR
HE S 26 5 1 0 0 0 s T 9 50 000 P — SR TR O 5

VT BB A 1T R R AR S LA 3T R 3 AR 91 3 ORI 45 B 45 G

SEAESR, P HL IS T T A SO A BRI AR B B U A B 3 R A R B AL,

2025 4EEE 1 WA (A5 44 B R ST M) | 15



¥ FE M it . www. pcachina. com

SCPFREAS

01101001
11111111

TS

152
254

IYZEAEIY IrEER

0
gg T I B
M

BT TP I 5B 00 AR A JEHE B

8bit

P i A
5341

&l 1

P8 T 4 b, S B 4% 2 AR O 5 16 I R AR 2. SR,
%ﬁxﬁﬁﬁ%ﬁ%%?ﬂ@f@%iﬁﬁiﬁt 1% 5 2 T G B
EWEHAEMTF IR, HEmAERTETII%, 5
Bt A2 ] T A E ORIk, WIBER EFE, FHFES
SERESHEL TR BT 5 2E 5, HEIHRBERD
BOE AR B . BB E W s TR E T
KEMFIHFF, LL100 J7K W75 R 6, HH
XF T=1000 000 &K (B[] 751, i © 801 K R ]
A A 2AF 45 2 K < 16 00017 | X BR %1 T BLA i ji] )5 %1
YRR AN . B ATk, BE AL B A K R
FATEIN 5 AT 5 1 52 IR MalConv' ', G 3 7 15 9
AT, ATLIAREE T =2 000 000 £ K 15 H F 5, i
&% 2, MalConv B Z5IF ML K, QN 7E Ember "' %4
£ 60 JTFEA EYIZRiZAEAL, 128 GB B AFH) DCX-1 75 i
Fe—H 9] . S8 MalConv2' " 3 5 0 4k b Ak 8 A T
Ik B A7 4, (YN ZR A B R R4S AR SRR K

RSN 3 T Hﬁ*%wma@wnmﬂ&(’)m

RIBTFATTE . a5 B o A e A b
FEH R Ay i R B, 50T A R e fF A
AR Ay o AR S 3 R BRI 2 B R 47 i i A J# 3 £
BE, 5 5L T 575 5 90 4548 R R 1 A R R A 2
T ke O BB R LR MG, R T
L2 E X T S FAES, Wz
PEBEN R . Windows roid A FF % B AR HHE
E MRS REY, SREHENETIEBFHIFIMN
MalConv2""* A Lt , A% SCHR H 9 J7 v 5 1L 43 26 20O A 24
54 R f Y1 25 k] A GPU B A o JH 40 S A T 90% Al
50% VL I,

G, ARICHEBETTERAT

(1) 48T —Fh 5L F 52795 )77 20 500 38R A 1) 0 B 3R
SYATr vk, A BT EUR R RN, BN AT T
B BE , SEEBE RN ORI T

(2) FEAFFEIEE LT THRUE, 458 EW, il
E’Jlﬁfﬁ'\ﬁ:ﬁ*ﬁ/f SR ETIRGFN T

WA RBORAN Y, HL AR R BRI 2Rt [R) AL GPU 77

FH R MR REAR

(3) S¥HT T 5705 )5 B0 050388 oRe A 5 % v SR A K 1 5
Wi, FERF SRR MR SE I HEAT T8

B

16 | 2025 4E55 1 ] (58 44 3 5058 573 1)

1 &R

AR, JE H SR e, AR L R R
XA RN Y, A ZEHE (08k1) -1
¥ (bit) FoR, 8 MNHLFFM L —DFTT (byte), BAF
WX [0, 255] MEUEIE . BT LA, BRI T

JFHI] LARR N

x=[x (0), x (1), =, » (N-1)], » (n) e [0,
255]. (1)
Hrh, x (n) 2SO o DOLE ERYHIERE, N EX

PR . R« (n) B N SCHFAESRE n AN B 21 ) 0 Ry
i, FHFEIIEL R —4E Rt E 5
[l 2 45 H1 T zbot 1 wannacry P~ B 8K R R AL AR

1 JEL 4G 519 5 A s 4] (i ) ATLEH, F—
FIEREAN T35 7 514 Y AR ZEEEA 0T )5
oy AN . X2 7 51 53 BT 1) S 2 KRy 207
A IUE= 2N 6

pil__ |
0

20 000 40 000 60 000

L_l
0

20 000 40 000 60 000

0 000 40 000 60 000

20 000 40 000 60 000

0 20000 40000 60 000 0 20000 40000 60 000
0 0 |
0 20000 40000 60 000 0 20000 40000 60 000
(a) zbot (b) wannacry
B2 SRR IR ARG 519 15 5

anfr R I 2R R, — B WAL 5 N B R) A
NP 3 o, e A L g B B b AR R AR R
TR A R o3 R I R B, UG N A R A RE R

20k 20k
10k 10k
0 0
20k 0 10000 20 000 30 000 20k 0 10000 20 000 30 000
10k 10k
0 0
0 10000 20 000 30 000 0 10000 20000 30 000
20k 20k
10k 10k
0 0
20k 0 10000 20 000 30 000 20k 0 10000 20000 30 000
10k 10k
0 0
0 10000 20 000 30 000 0 10000 20000 30 000
(a) zbot (b) wannacry
Pl 3 SRR G AR UG 5 9 583 7 451



MEERFEERRE

Network and Information Security

WA PMTEARI AR 4, RBr A THEAR M FEAE R
A S 2o AR A3 ik R B SR AR S, O i A
FARIIRIA

K 4 451 T zbot Al wannacry ¥f A J5 4G =75 JF 51) 1) 4
BUCRPEAERL, SRR ERE R 2 048, AILIKRH, W—%
TEREA Y R A 755 77 30 0 A A AR BL, R W] KI5 A A 1
R RE T 50 53 A W AR TR

200 200

0 o1

0 512 1024 15362048 0 512 102415362048
200 200

0 oM 1

0 512 1024 15362048 0 512 1024 15362048
200 200

0 o

0 512 1024 15362048 0 512 1024 15362048
200 200

0 oL

0 512 102415362048 0 512 102415362048
(a) zbot (b) wannacry

B4 BRI RIERE AR RAE T T 55

YF LIRS BT, A SO P R A A G T
By Bt BECR AR N, REFET Py FE
WA, AR, RIS I GRAR N
2 FiEHiR

Zlii%tétﬂg??%f?ﬁﬂﬁﬁi%ﬁ%%% KI5
B0 RITEALAE PR 43 . T T AR A N T T 4
S, S B, o A R I s v i
FHFIIRMENEES, F1 43 R AL 25 2
S RERIXS SR AR ST T 5 4T LN Ay R AR

YT TR 5 AR A TTHEARNFEERR,
WE S Fra, SR RECRFEN EZESR . (1) F
FH S0 B B JE 28 . ( Real Fast Fourier Fouvier Trans-
oFET) HHRET R M AR (2) RIER
R BT Ao i, DR R A= (3) FIAME
B Ay B R SRR B B i i A5 e (Inverse Real Fast Trans-
FFT) &8 i RAEAE 5o B, AR 38 5 8ol
B RS, FA550 « (n) WEBEGE X (b)) Wi
[N/ WS

form,

form,

X (k) = Z x (n)e ™ (2)
FEB)FEF N FET B L e, B X (k) =
X° (N -k), 5B b RTFEIEET N2 +1 N IESR S
i, HRWERAERKE R L, WG EA R W IR o b
E0 X (0), X (1), -, X (L'=-1)}, i L'=L/2+

s N

Va= i RLER
MLP (]| ¢ FA5EF
— s
ResNet M
i
o0 )
O\O\O/O/C{O\O SR AL
13
Inanannnlg REEF 1S
“ wFFT
MT 12 g AT
K Te R
T T T9e f ﬁj"%i
1 ‘® (FFT
ﬁ | Bl |

5 %?$&b}ﬁﬁm#m3ehﬂﬁﬁb&

A LARM 78O B Y TE AR 4 ik 14 7

. %umﬁ@
ma%J L £1) 1F 7 951 3%¢

g . Bi}:fﬁ s
”‘r?ﬁ% KA BT SRR S 7,
(n) L z X’ (k)eJ o (3)
IRITIRAE 0 Dy IS Rl R 53k 1 iR .
Bk 1 FWIFPIECR PR R

A AT « = [2(0),
REERE L
iy REEFIFI =2 (0),
// PR AR L I D A

x(1), -, a(N=-1)],

(1), -, F(L-1)]

IN'=N/2 +1
2X={X (0), X (1), -, X (N'=1)} =tFFT [«]
// e AR
3L =L/2 +1
={X (0), X (1), -, X (L'-1)|
/7 JLREXEFR A 3T U
5X = {X', X (0), -, X" (L' -1)}
// PR A L 4
6x=1{% (0), x (1), x (L-1)} =irFFT [X']

7 return x

P 6 4 T IR T A AE AN TR R BE KRR R B
AR BL, 781024, 2 048 Fil 4 096 =N [E] Y R kLK BE
T, REEF TR AR AR 2 RAET, B
HRFERKE MR (WEMEMSRNL), ARTFNF

2025 4EH 1 WIS 44 BRI STIW) | 17



¥imMit: www. pcachina. com

FUBIA T 5 XA R B E M B T, U
LRSI TR SO REN L N (TR AU NP NI o e ] N
FEFEEPEMRB .

FAF5 (ganderab/ab8fa3fee6618581700193d3d29f92h3)
200

0 10000 20000 30000 40000 50000 60000
REKEL=1024

200
0 200 400 600 800 1000
SOREKBET —
200 REEREL=2048
0
0 500 1 000 1500 2 000
STKREK-BET —
00 KK L =4 096
0
0 1000 2000 3000 4000

6 AEREEK LT B SR T 15 R 51w

S Bk AR AR, Bt T BIECH T KB Y AR
T A A BT K E R AT %
BT R BT ¥ 5 AR I 25 A 200 % B AR S % R
Zﬁﬁﬁ*%éﬁﬂi’rﬁﬁﬁﬁ%i&iﬁﬁjﬁﬁﬁ%@
FEAB AT, QL RE N 4 5 i 4 I Ji)

Sl
'Jéj\%@)\ o, (1) 5 B

IF 5 R A 2 B
3 KEOMH
AR SCH 9295 53 B 5 2 WL (1) AR AR

J& BT P B 8 A5 ISR AT A0 R R oy 2R A
SR RE A B X 43 R A AT )
3.1 XWEE
3.1.1 #EE
SCH SR = A4S TT 9 3 B B 4 . Drebin
Ember' "' fil BenchMFC"7" . [f] it #£ Windows % & Ml An-
droid -5 | B TS 1) 719 )5 1) A0 B8R A T vk 1 A AR
Drebin J& Android -5 (1) 28 W R 0 KOG BG4, &
179 DI 5 560 NG AREHEA, BT 40 R 25K
HAL& <100 #EA, ¥+ Drebin 9 HT 8 %, it 3
317 AFEAAE R Android - & M TZ AR, AR 1 iR,
Ember il BenchMFC & Windows - & ) % JH % 2% % 1
R4 . Ember w7 () 30 B 54 I B0 AR 1 B AR ) B AR
FK; BenchMFC H AL & MG B4 MF, B A FEASER A W1 1

(2)

18 | 2025 4E55 1 ] (58 44 % 5058 573 1)

N

KIEARZE . R, A SCK Ember thEEHLIE#E 4 000 A~ R
FEAS (Benign), P BenchMFC 1 HLE £ 8 A B4k
PR, BAS K 500 ASHEAS, dhit 8 000 ANMFEA, 1R
Windows V- & 10 S2 g0 48, W0k 2 s,

& 1 Android & Z#AF 5 % £ K%

D RIGA FEA Mk
1 Fakelnstaller 925
2 DroidKungFu 667
3 Plankton 625
4 GingerMaster 339
5 BaseBridge 330
6 Icono 152
7 147
8 c 132
EQ 3317

Y 4
dows % & H Ak 9 % F I 445
.1 R AR FEAR B

g

Benign 4 000
Fareit 500
2 Gandcrab 500
3 Hotbar 500
4 Parite 500
5 Simda 500
6 Upatre 500
7 Yuner 500
8 Zbot 500
Bt 8 000

3.1.2 LIBIRIE

U TE— &5 Bt 45 NVIDIA RTX 2080Ti GPU, B fEH
12 GB 1y Ik 55 #% b it 47, MR 55 @89 CPU 2§ AMD Ryzen
78845H, WAEHK 32 GB, ¥AEZ % H Ubuntu 20. 04, Fif
SE i ] PyTorch 2.0 $R 2“7 S HEALHEA T SE B
3.1.3 SR

AR SRS H R 50 UE SE TR AR T R A I RO R
BB R DA A, e, JRIE TN TS a3k
550 % 1 S S 3 9 T 1) D58 B 7 A5 31 A9 MalConv' " Rl
MalConv2' ™' | SRAE T 45 5 51l b 19 43 2 40 0 2% & 17 2 14
ResNet18'"™' | iRHE R 4% J 36 SCHEAT SN0
3.1.4 EfhiEHR

HERf S 18 B AL TE A 20 28 I REAS B SRR A L



MEERFEERRE

Network and Information Security

Blo XFFREA R ROCR, LB EEEMR RN Z A T
YE4 AE M1 48 R i A1 ( Area Under the Receiver Operating
Characteristic Curve, AUROC) 1E N PEAE 545, AUROC i
2 AN TR T A4 AR BH 1 2R R B 3R ok P A AR R
SrJEHE ), AUROC HAF 0 Bl 1 Z (], {Hikm£xmrHR
RO AT

STIGREARBEIERR 6 2 : 2 LRI R . B
EE RN 4 . Y125 MalConv Fl MalConv2 #E R}, FEA
FWFHN G — WA L 1 048 576, SLE kAR,
W YNGR batch K/ 32, FA 4 PBERITEYN R4 I 25
50 /> epoch, 03T (WY L5 ET ] F 85 1 GPU A7 5 H,
TG 0F 45 1 B I LA A, e AR L AT A R AR
P o
3.1.5 #BSH¥

KRB L X BR800 ) & A2 55 AL IR
[ TS . RS — A S50 (R R P A A AR R
HL=1024, H NS R RN, BB XA REEKE
T R UER R IR AR BAR
3.2 S MEREEM

HTFHE ALK R, REEFE TR 4 E 2L
YW B oy R A S5 43 B £ X Windows Fl Android
B 6 W BB BT 5 R ITiTE . Windows ¥ &
SRR 3 B S BEARB, %?%#@
5[] ResNetl8 SLHL T 5 F F J5 45 715 /37 511 19 MalConv Hl
MalConv2 4114 3 4 JSHLR: ﬁmu%aﬂm U
s A, BARSR UL, 7Y kit 8] RES A1 GPU
BAE L, ResNetl8 (RRESH P F MalConv
(FIFTRI) oAl KT 88.01% , FH#
F MalConv2 ( JE 1h & BT 94.09%
1 56.41%

% 3 Windows T & #4450 £E R

- FA MEWIR/ AUROC/ Il %t ia)/ GPU
Sy FEAE
73 % % min RAE/GB
MalConv JR IR 95. 44 99.47 34.26 5.67
MalConv2  JEith 95.38 99. 12 34.01 1.56
ResNetl8  SRkE 94. 56 98.35 2.01 0. 68

Android - & () LR 5 R N3 4 PR, - Hral L& B,
FEYINZR T[] FF 55 A GPU W47 /5 H 11, ResNetl8 (CRFETF:
WIFS)) HE T MalConv (JRIEFWIFH) BT
90.91% #i1 88.56% , +H4 T MalConv2 (JF1f %47 )7 51)
I IRRAE T 90.55% M1 57.24% . {Hi8HZME, HTXR
FEF AT T B ResNetl8 78 43 2R I g E 458, nIfgm

JAIHTE T, Android Al Windows V- 5 i (19 SC 1 25 44 77 77
ZE5, 1 048 576 1745 ¢ ST I AL &5 A9 Android S% 5
BAFEEX T LR WA BERLR LR A5 5, TR AL
TR G 7 S R A R B, R T2
=5

ﬁAw\ o
%4 Android TEHMSF S ELER

Sy FA O MEWRZE/  AUROC/ Il Zimtfa)/ GPU

iR 731 % % min WB17/GB
MalConv  JE1& 71.98 64.37 32. 80 5.68
MalConv2  JElf 77.35 82.72 31.52 1.52
ResNetl8  SRAf 87.92 85.90 2.98 0. 65

Zib, ARSCRIMW

‘%‘?ﬂﬁtﬁ%ﬁﬂ@%%ﬁ
PR 5 715 90 05 0

HORAHY, HAEH B M VI 25 i) 5] A1 GPU S A o 1 43 31
BEAR 90% F1 50% L) o XX T R B 5% T i AR A Y
AT bR

3. %glmﬁ

wﬁ SCAEAR IR 0 5 040 B 1 5 ) ) L 4
ML, BT X SR AR K X TR B A RO B e, AR 8K
RAEF Windows = 1Y ResNetl8 A (43 3 fr
R o IR BRAEKE L R 256, 512, 1024, 2048, 4
096, 8 192, 16 384, 32768 . 65 536, Il ZRki sl I ic 3 il
WA PGSR, HRRE SRR,

Bl 7THETAMRRERE TSR, WA R
KBE M, BRI o U R B R R BT . A
ST R SRRE KB L g 512, 8 192 1 65 536 4b 52 3 =/
WEfE , 4524 L =65 536 I, MERI R )y 96.25% , AU-
ROC 24 99.49% , U84 b B Hi s ok i 2 7 5t
T R 5 43 258 MalConv (132 3 FT7R) .
1.00 - T T T T T T T T

0.98
S e AUROC
|

--------------------------------------------

0.96

J3EL (% 100%)

0.94

0.92 ; ‘. —
256 1024 4096 16384 65536
512 2048 8192 32768
REEREL
BT AT R I BE 1 50 B 45 SR

2025 4EH 1 WA 44 BRI ST3IW) | 19



5 M4k : www. pcachina. com

W SRAF BE R 3 I, A4k T AR 14 43 R B A
TEL A AR K B 25 5 BORE AU (9 Y1 45 ) () A GPU (g A7 5
TR, PRI BEAE S 2R I R 2 ) A T A
RIHLI AR R, MRFERKE Le [512, 8192] i,
A1) 43 AR R R R A BB 1 P4

R BB FEA 5 TE N 78 0 A X T R A
FEAVRRZIR DL KP4 B ) )5 31 43 28 4 A R R BF 5
SRR RS b R
4 Zig

A SCAR T ) A SR R 1 B AR 2K )y
W, E SN I B e A R A R R e, R
B E A P 3 AR o i, S B R I SR Y
o ATFERAE LR A T R, 5 e e ik R B TR
GRS BB B KA TR G, AR SO T
S SRORA Y, HLRE KRR [ I 25 B[R] R GPU B AF
A 43 S B A 90% 1 50% LI b, XX FREIES R T W
MBS AT 55 BA TR E L,

2 % Tk

[1] AL-ASLI M. Review of signature-based techniques in antivirus

bl

=

products [ C]//International Conference on Computer and Infor-

mation Sciences, 2019. 1 -6.

[2] OR-MEIR O, NISSIM N, ELOVICI Y, et al. Dynamic malw{)

analysis in the modern era—a state of the art survey [JJ%
Computing Surveys, 2019, 52 (5). 1 -48. ‘
i a

[3] UCCI D, ANIELLO L, BALDONI R. Survey of

rning

techniques for malware analysis [ J]. Compute

4

tion of byte n-gram

Security,
2019, 81: 123 —147.
[4] RAFF E, ZAK R, COX R, et al. A

features for malware classificati Journal of Computer Vi-

18 (14) .1 -20.
[5] RAFF E, SYLVESTER J. Learning the pe header, malware de-

rology and Hacking Techni

tection with minimal domain knowledge [ C]// ACM Workshop
on Artificial Intelligence and Security, 2017 121 - 132.

[6] KI' Y, KIM E, KIM H K. A novel approach to detect malware
based on API call sequence analysis [ J]. International Journal of
Distributed Sensor Networks, 2015, 11 (6): 659101.

[7] RIECK K, HOLZ T. Learning and classification of malware be-
havior [ C]// International Conference on Detection of Intrusions
and Malware, and Vulnerability Assessment, 2008. 108 — 125.

[8] AARAJ N, RAGHUNATHAN A. Dynamic binary instrumentation-
based framework for malware defense [ C]//Detection of Intrusions
and Malware, and Vulnerability Assessment, 2008 64 —87.

[9] RHEE J, RILEY R, XU D, et al. Kernel malware analysis with un-
tampered and temporal views of dynamic kernel memory [ C]//

Recent Advances in Intrusion Detection, 2010; 178 - 197.

20 | 2025 4R 1 W (45 44 3 R0 573 1)

[10] AGARWAL S, RAJ G. framework for real time analysis of mal-
ware [ C]// International Conference on Cloud Computing, Da-
ta Science & Engineering, 2018 14 - 15.

[11] RAFF E, BARKER J, SYLVESTER J, et al. Malware detection
by eating a whole exe [ C]//Workshop of AAAI Conference on
Artificial Intelligence, 2018.

[12] RAFF E, FLESHMAN W, ZAK R, et al. Classifying sequences
of extreme length with constant memory applied to malware de-
tection [ C ]//AAAI Conference on Artificial Intelligence,
2021 9386 —9394.

[13] VAN DEN OORD A, DIELEMAN S, ZEN H, et al. Wavenet:
a generative model for raw audio [J]. arXiv preprint arXiv:
1609. 03499, 2016.

[14] ANDERSON H S, ROTH

ber: an open dataset for train-

ing static PE malware
printarXiv: 1804,

[15] BRIGHAM E O \MORROW R. The fast Fourier transform [J].
IEEE Spectrum, 1967, 4 (12). 63 -70.

[16] ARP @%ENBARTH M. Drebin: effective and explain-
@ n of android malware in your pocket [ C]//Network
nd Wys

sarning models [ J]. arXiv pre-

Y4

tributed System Security, 2014; 23 -26.

trustworthy malware family classification under concept drift [J].

@VG Y, LIG, LIS, etal. BenchMFC: a benchmark dataset for

Computers & Security, 2024, 139 103706.

[18] HE K, ZHANG X, REN S, et al. Deep residual learning for
image recognition [ C]//IEEE Conference on Computer Vision
and Pattern Recognition, 2016 770 - 778.

[19] AGHAKHANI H, GRITTI F, MECCA F. Whenmalware is

packin’ heat; limits of machine learning classifiers based on

static analysis features [ C]//Network and Distributed Systems

Security,, 2020.

[20] UGARTE-PEDRERO X, BALZAROTTI D. SoK: deep packer
inspection; a longitudinal study of the complexity of run-time
packers [ C ]//IEEE Symposium on Security and Privacy,
2015 659 - 673.

[21] NIE Y, NGUYEN N H. Atime series is worth 64 words: long —

term forecasting with transformers [ C]//International Confer-

ence on Learning Representations, 2023.

(Weks H . 2024 —11 -24)

EE @A :

WA (1996 -), B, i+, TEIF, EEHElm. M
a5 NTH .

b (1987 - ), B, fi+, WL TR, EZHF5ITm:
B BHEAR,

BmER (1988 - ), B, Wi+, Wm& TR, EEFEF
M iS4 R s,



R = B

R AMBZ L 5HIRLEE) RHANXE, NEZEXEXTILEN. #
FEN . ERINE B FRANE I FEMEEZBNE R ITNFRE
BIRER, MPERXEEREERRIZXENCHEN . BIEN.
ENRIAR X B F ARV B HIR . ERMEERINE LTI T AT, KT
AR ATEEEIEE . SEREFEEKFER. BN, RTIx
FTHRME S LA EMANER, FIwER.

(NERE 5%5@@)) ZmAEHD

@ 4
S
,§)
8,
N

S



