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Abstract: The intelligent learning method plays a crucial role in network data anomaly analysis. However,
traditional intelligent anomaly analysis methods often struggle to strike a balance among the interpretability of
network data analysis results, the consumption of computing resources for anomaly analysis, and the accuracy of
analyzing network data stream sequences. To address these challenges, a novel network data flow anomaly
detection model combining hybrid feature selection and Transformer is proposed. This model conducts data
preprocessing via a hybrid feature selection method and performed anomaly detection based on an enhanced
Transformer model. A hybrid feature selection algorithm, utilizing both tree models and mutual information, is
employed to reduce the dimensionality of network data features. The encoder part of the Transformer serves as the
core of the classification task, and convolution operations are integrated to enhance the local perception ability of
network data stream sequences. Classification is then performed using a classification header. The proposed
method has been simulated and validated using the publicly available intrusion detection dataset CICIDS2017.
Experimental results demonstrate that the proposed model effectively detects network data flow anomalies,
outperforming intrusion detection methods based on neural networks.
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8 SR AR5 Gt R 45358 70 %o B AR AAE 10 2 >0 e I i 23
KfER.

TR AR AT H HF = L] (self-attention)
FRZEERAZIH—14 (add & norm) DL A Hi 15t 4%
(feed-forwad network) ZH i, 2 it 28 HHIX 2458 55
HeB T g ig as HEAR, IS 2D RXFERHES
&, R ER T B . AR
177 2 7% F& 3] Transformer X+ B 25 4K #6114 41 3K g
71, [EII S5 GRS KN R SRR I R AT RE T, 1E

_—_——_—— = = = = = =

Jir 0 T ) 4% 1 T 2 2 P A 48 R B A _E I A XUE A
FREER) o AR SCHTH B Transformer 3 1 45 8 4n & 5
BN, S5 H RN 1 T Uh AR T 2 5 it e ot A
Hed: i gm i S5 BRI (seq len=B X R &N £ 8
T IR N K N B 1T H1) 3% A F| Transformer
Pepikira i BiEE1E REEEMNZE R — L
T T 8 ) 6% S AR B B ¢ i HA 7E I Transformer
Yo 2 2] B RE A RE, H T RS 5K. B4
BRI AR R a0 . £ kiEE /7 (multi-head
attention) : 7E Transformer A& 8 1 F v & 7 ML
(self-attention) j& Transformer Z& 4] 1] #% 0 A1 1
BRI LATHEF A N G 3 (AN ALE . IX P LA
RS TL R A O] DR 7 51 o () HoAth oo 22k R B
H 78 1M multi-head attention M /& H1 £ /> self-
attention & TR, H AR R A& S 1 & 210U
R Z A IET L b, B R VAR AN () A BE 2
SV NP HV R s, DT B i 4 T A B AR A
multi-head attention [¥] T {Eit 2 7] LLKE 4 A LLF
34 D &MHRE: B TagEmmATl,
A TR LGB Z AT R 2 MEE
L) MTA K Z H 3 A AFE B A&, 5 56 R
Query (@) . Key (K) FlValue (V) [F&; 2) ¥
BAVHERNBCRA: XT84 0. K. Vil&EI
EEIBRE, REMEHESEIRES Vv IiEfT
IBCRAN, BRI ER SRR H; 3) PS4
PEARY . PR I B PR, B S R
YRR RETEEELNEE. BEwe,
WK, WY RS i M RSB, TR
P MERCSKIE R

I JT
| L
I dd § 8 8 Add - J‘\”&
[ A 1 | |
| EyEEA & SO0 « H > B B
| Norm = o O Norm | ‘\’E
| g OO s
o | convl conv2 FCl FC2 ElRE
SCq_CH= | [ |
N A2 J o Bj
seq_len=
Giht 5 I E s xN AR PR S R E R R
K 5 Transformer Block %544
Q KN\T = > Pz y >
Attention(Q,K,V):softmax(—QWi W) ] lV A d P KO, AR, UABL
Vi . BB 2 W R, 3 2 ST TR AT LAZE 2 AR

A {2 1 23 18] PO RAT SRR (RIS RT AR 3R A
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FEP, 2. ZEETRA ISR Transformer Y 9 28 B I 5 5 461 449

FRAY A5 R, WK PR B 0t B3 A [ A 2 ) (1 48
R, BAGE R 2% 5] 08I Lyt & g ok L A R
BRI 7 2 A 2, DT 398 s 284 (1) 5 38 3
Rig .

FRZEERAZIH—14 (add & norm) : FEA
Bt F#) Transformer BiErh, X —4#4F HHLE A
HE B E BT G . REEEHZEE
PR W 2457 2 B NI AR I, B 287 2 (1) %
NN x, WA Foo)+x. BT B0 I R 2% 48
B BE I 1A 336 B8 3 S B 45 5 15 IR P O, 5
JER AN —A x, B Footx, X x oK
SEERN 1, WA TE—ZRENEN LT —NF
1, AR TR R, TR H—
b, AR AT 7R 2 AR B 4 R A — b
By ORFR ISR FE b AR S - AEARR  Add
& Norm JZ 7k =0 (8) A= (9) fiw:

LayerNorm(X + MultiHeadAttention(X)) (8)

LayerNorm(X + FeedForward(X)) )
A, X RIR 2R 7 JEBUE 15 24 J2 TN
MultiHeadAttention (X) 1l FeedForward (X) 3 7~ i% =
o @I “Add & Norm™ [¥14H & FH mJ LA4E Tt
TR AE AL PR IR J2 G I (R PERE AN RS 1, Fo VAR Y
W HE B 2 2R IG I &% 1 T AN BRI 2R 10
RRHE
AT A 22 M 2% (feed forward network, FNN) :
FNN A 5] N 7 =|E 2 P ke A 455 284 6 08 4/ 3K 5 n
AR R B R AE . 7E4% S8 ) Transformer £
Rrh, FEN PR e (R M—E
AMEROE R . FEARSCH, fE FFN W R A K
fal LA JZ AL EIA T BRE, MBI R
H RN Ry RORA R B 1 R i X, g5 E EE
BN SR ) 2 2 Re T, AR Y RE g S 4T
Mo 3] 7 H S R RFAE . 7 FEN o, 43R W
B ARE TR PR AR 0 R X, A A s
— A T AR & ) i AR R SR R, B S A 4
JR P38 A R ek B ) TRV B2, e fe e A
AT . R BRI, BRI
X, BEREFRIR:
Jeony (X) = max(0, X * Weony + beonv) (10)

b, AREREE: Weon £ E R AIBLE
beony 2 i BT, IX AR F P R IE N6 81 1
®2E . BE L A — S AR Bl it
—IPABIENGERE T, T EEEER:

Jpense1 (X) = max(0, XWeense1 + Ddense1) (11)

fDenseZ (X) = XWiense2 + bdense2 (12)

o, Weensel 55 Waense2 B BLEFEFE;  baensel 15 bdense2
B 5 AR KR E R A Tk,
TERC T —A SN B R B R i 4, FERSE AL s
BRI BRFAE

SERREA A, EIdHES N NXAFER Transformer
) encoder YL TMZE R, 20id IR Transformer
BiG, A& — A KN Bx kR . fEIXA
B AERE M, BRIFAIRIKEE, RPN BIA
PITCEREE, kAR E LR, 8 S A
WE B = 4EFEAH R N\ B8 i i A 1 2k
JE R N FE R, Hh s TR
LR ZIAIRIR R, B A RE MO AE T R 46 7
T TTERI BN CE S, ATLLEEEA RS o
FAEF BN -
233 HEk

6 IR 173 A H TAE AR, T W 28 s
TSRS R U, 3B T AR 7 S H i
Ja Wi gE B . BT Transformer /& /7 %1 2] 5 41 B A5
B, R A 2B IR encoder B H 4% ¥ o =R
Kl 43 2R 25 B . XF T encoder 4B B HRFAIE 5B RE,
RN A R AL B RN TS
JFHAL B REIME, XA R 4 R
PR — e A &, X — R R
B FE B R RE, R fE S SRR SR A T R D
fai b H S B R IE R R o PR B e 4 JRy - 343t
Z R M B S, IR NE RGN 2
BRI RN X A JR R A 45 S 2 A
AT R AR K

RS

1 S~

‘ i )
\ —

e |
g: il 45
|

1
1

E RPN

' ’
) -
) -

1 -

\ P

) eSS
K6 %I

RHIEHE

3 RS

3.1 SCIGHUEE
WS A TF I 28 AR B HE 4 CICIDS2017



450 HL TR A AR

54 3

HEAT SZIR I8 AE . CICIDS2017 %14 4 & Sharafaldin
S NFF R HFE T I 25 NAZ G I A 45 . 2508
EETF A SUHR [26] £ H 19 AR AU H5 4 £ S35 A2 1
11 TbRE, Bk 1 AR A 25 o It 25040 4 1 3
PE. CICIDS2017 $ 4 £ A0 1E % Fl e 7 (1) 5 WL
i, BT E S R (PCAPs) o FLA#
14 6HLES, I 5 RAERBEIESE, B REH
2201797 H7TH 17T, Hrph, BI—E N
EFREN—RK. B BEAEAE ERWREN
[ BF 43 ) SE 30 T 6045 & 77 FTP. % /7 SSH. DoS.
Heartbleed. Web X ;. 5% . &7 M 451 DDoS.
TR TR REEE R H AR

x1 BESHESARE

Hi PR

Ji— EF R

Ji = Bruteforce attack

Ji = DosS attack

JA Y Web attack

JE L Botnet attack, DDoS, ProtScan

A AR AR A AR AR FR I T B CICFlowMeter
HATRAESR AL, Z T HH AN PCAP 3, th S
AL B AL RHE (S S 3L 84 4. R U RRAE AR
ek AERZENSIHE R, Bl—A TCP jis UDP
A=A BT RSE R RHE,  $2 U RHIE 3L
M5, RIVEMhEE] B stk P B i bk 25
Hk o AW FUdE R 3 B T R R RN R O

$£ 2300 825 skidak. 12 P AL . HRAR S A
R 2 .
x2 BIESHER %
FR%E Ko
IEH R 1743 179
DoS Hulk 231073
PortSacn 158 930
DDoS 128 027
DoS GoldenEye 10293
FTP-Patator 7938
SSH-Patator 5897
DoS Slowloris 5796
DoS Slowhttptest 5499
Web Attack 2180
Bot 1966
Infiltration 36
Heartbleed 11

32 FAEBER
& CICFlowMeter X ¥t 54 £ HX ) 45 1iF &5
KA, HIRNFHEgEE R & B EHRKENIIRG

B, N T RS AT AR I, e N R
AT AL TR, TRALER =N PUR 3 MR £
PETE Y FRIEE AR HELL

HARIEE: 1B REIRE U A R E R
i SR AE NS L BRI E R, 2
B RE A ZI B RAE, MIBRERRAE, K E
e % e/ IME -

FRIEGESE: BN, 2 I8 B M 28 Bty
HAEEVE 2 B L B AR, DRI R AR
JE. BB IP HubEFIR . H 8 . S 1D AN A]
GREER, LRIEY4EEAN 79 4k, B 78 ANMRHIE
MRS BEJEHE S 78 MR 1 DMR%E
BB BRI NRFIE I B p AT R 5, JF
HIBAR R EE VAT, N 0.98, FHPE R R
{E T> y‘j 0.95,

CICIDS2017 %4 A HEAT W 28 K s it 4o A1 6 2
PEVH S S AT IR AR, B8 S R TS R A
P R RN R A S . ARYE R E B RN AT
BRI R, HEARBRAE T 515105 2%
TENIN o He a2t 7 3k 3] R B 1T X SRR AR N 36 — 20
IEFEIVRHIE . Zoad BEHLARIRW 2D 0 5 (R fiE 5
FEAT T HAS B 5 W R B R R Py
fEEEE. B 7 518 8 Eon 1T HAG B S Sy
MEEFEAT JG RFEAR S E R B, B 7 REoR Tk R
AT B AR BRI, 28 B URRAIE 2 (A7 AE
B2 MG RAE . B 8 IR T HREIE RS,
RETEEERRNMRFMEI LB T EMERH
FHIE

AR A R SR 3 s Rl 1A
IRFHE R IE B DA BAG S, X5 BAE AR
TEIEFRIKIE 2 —

Frfifh: SRRk £ E M BEE, A
scikit-learn 1 f*) StandardScaler 52 31, % £ 4 19 H —
R TGS . BB AERE Ja, W A S %
L I W ¢ 1115 o o o 7 i s 1 2 P | 27 Sy
60%, HrEFEANMNALE S & 20%.

3.3 iFhiErR

A SCAE ] #E B R (Accuracy) . fE i R
(Precision) . # A% (Recall) 1 F14r% (F1-
Score) RAENVEMT &5 R AW Tabr. AR E
(FPR) FIJE#RZE (FNR) SRIERNVPAL AR50
B &5 45 b . it 824 Ui s (13)~ 20 (18)
FrR.
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PaS
=

HFFAE A Transformer M 28 EdE I 7 3 4601

Init Win_bytes_backward
Avg Bwd Segment Size-
Packet Length Variance-

Max Packet Length-
Bwd Packet Length Max-
Packet Length Std-
Average Packet Size-
Destination Port-
Subflow Fwd Bytes-
Total Length of Bwd Packets-
Bwd Packet Lengh Std
Subflow Bwd Bytes-
Total Length of Fwd Packets-
Bwd Packet Length Mean-
Avg Fwd Segment Size-
Packet Length Mean-
Fwd Packet Length Max -
Init. Win_bytes_forward
Fwd Packet Length Mean-
Fwd Header Length.1
Fwd Header Length

PSH Flag Count-
Flow IAT Mean:
Total Backward Packets:
Fwd IAT Total
Fwd Packets/s
Idle Min
min_seg_size_forward-
Fwd TAT Min-
Bwd Packet Length Min:
act_data_pkt_fwd:
Flow IAT Min-
Bwd IAT Total

Min Packet Length:
EEPELEEE
E8552205
95575238
EE-528%%
A WEE SIS
by QoS8
5322 502
5L 5~82 w0
> O =%
SES538E°
EQGSE~ 2
Eott s <
Z£
=< 2
|

Init_Win_bytes_backward
Average Packet Size -
Packet Length Std -

Init Win_bytes_forward -
Avg Bwd Segment Size -
Subflow Fwd Bytes -
Fwd Packet Length Max -
Destination Port -

Flow Bytes/s

Fwd IAT Max

Fwd Header Length.1
Flow IAT Max

Bwd Header Length - 038

Bwd Packets/s

o
-
:
-
Q
<
o

_bytes

Init Win b

Subflow Fwd Bytes -
Length of Bwd Packets -

Average Packet Size

Subflow Bwd Bytes -

Bwd Packet Lengh Std
Total Length of Fwd Packets -

E
2
Kl

~

Packet Length Std

Bwd Packet Length Mean -
Avg Fwd Segment Size -

Packet Length Mean -

Fwd Packet Length Max -

Init. Win_b;

s forward

_byte!

Init Win_b;

tes_forward

!
Fwd Packet Length Mean -

Avg Bwd Segment Size

Fwd Header Length. 1
Fwd Header Length
Bwd Header Length - |

Fwd Packet Length Std

Subflow Fwd Bytes

Fwd IAT Max
Flow IAT Std
Bwd Packets/s

Fwd Packet Length Max

Idle Mean

Total Fwd Packets

Flow Bytes/s
Subflow Fwd Packets

Fwd IAT Mean

Destination Port

Flow Duration
Subflow Bwd Packets -

ACK Flag Count

Flow Bytes/s

Fwd IAT Std
Flow IAT Max -

Flow Packets/s -
PSH Flag Count

Fwd IAT Max

Flow IAT Mean -

Total Backward Packets

B8 RHEASRH B CRAEIES )

Fwd IAT Total

Fwd Header Length.1

Idle Min
e_forward -

Fwd Packets/s -

g_siz

min_se;

Flow IAT Max

Fwd IAT Min -
Bwd Packet Length Min

L pkt_fwd - |
Flow IAT Min -

act_data

=
o
2
&

Bwd Header Length

Bwd IAT Total
Min Packet Length

Bwd Packets/s

-0.25

—0.50

-0.75
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*®3 HHEEFLER

FHE 4 ik A HAER
Init Win_bytes_backward TERTAR T 1 i) 5 A2 1 R 1 8 0.072 303 85 0.721 595
Average Packet Size LACTR R SHP AN 0.037 667 79 0.683 682
Packet Length Std H ALK bR 2 0.039 632 87 0.646 991
Init Win_bytes_forward TERTAR T 1 1E ) A2 1 R 1 3 0.019 765 94 0.578 054
Avg Bwd Segment Size S It A g ) P e 0.052 813 08 0.574 664
Subflow Fwd Bytes IEFFRA I 1 3 0.035 552 34 0.570 335
Fwd Packet Length Max NAEpAEENGE- € RN o NN 0.020 470 87 0.513 530
Destination Port H 1 0 0.036 037 06 0.503 903
Flow Bytes/s AP L 0.013285 14 0.501 373
Fwd IAT Max TE v 75 o) 5 3 PR A 50408 60 2 T £ e K e ) 1) By 0.014 984 17 0.481715
Fwd Header Length.1 HINCIEA €O SRS 0.017 404 45 0.475 498
Flow IAT Max VAL PR I 1 AR 2 (1) 147 5 DA R 18] 1) B 0.010 256 84 0.513 273
Bwd Header Length S ) E TSk S A 0.015 805 82 0.458 999
Bwd Packets/s AP 7] J B4 0 5L 0.013 615 84 0.453 705
Accuracy = Eﬁﬁ?jﬂizj‘(ﬁ (13) w4 BEURE
- B 1H/60 5
.. TP E B3k S 0.000 1
Precision = TP+ TP (14) o pp s Adam
TP OE R Softmax (£432%) /Sigmoid (=433
Recall = ———— (15) Epochs 120
TP+FN Batch_size 64
Fl=2x Prec?s¥on X Recall (16) E@JJ%&%E 4
Precision + Recall Transformer B4 & 6
FP [ INFEHES 64
FPR= ———— (17) R AR R 24 44 FEE 64
FP+TN . e
Pp— categorlcal_crossentropy i%ﬁ,j;) /
FN binary_crossentropy ( —433%)
FNR = TP +FN (18)

X, TP RNEIEH]; FP NMRIEH]: FN MR it
fil; TN NEAH]. BT AR E S A
134K, H BRI AP o &, FEZ
Iy FIERT R AINBCT 38 R MVEAN Fa bm K V-4l 22
FAEF R B TERE . AEARIMNHSET, E#EE
& VPl TR bR R BEAT VR
3.4 ZIWEHER

T AT L ) DX 4 235 A a2k 1) U £ TR 8% AR
WA, i i AT AR S T R S ORI
et e ML BRI S E, AW 48 B fd 8
ZHEE 4 Fros. BT Priki) CICIDS2017 Hidfs
LS 12 MBERR, ZHRTSNE TS,
R 2 4 R 40 2% bR 20 categorical_crossentropy
BC & 4 H 2 A0S PR B softmax SRR H B 4 i
MEZR AT, R A2 R R SR, Hr A 1)
TCER AN 1o (R 8 & OB 2R 2S5 4 2K oR Hok
WO RAES, B, KA BB R ALE AL
R

ARSI AR T 2 0 R RUR 4 B AN 2
PR MAT o RV ER S, A TR
(Accuracy) - PR (Precision) « HAEF (Recall)
A1 F1 50 %0 (F1-Score) AKX F:AN 80 11 4 %
(FPR) AIJmikZFE (FNR) SRVEAL A SC i 7E
25 RAL %t CICIDS2017 $ii 4 E&aAN 25511
WONVERE. BHER 5 ATAn, A SO AN T IR
WA, LR 4 Bk G H 2 X DDoS. DoS.
7SI AR LA K ProtScan 1X J1 K 2 4G U 4500 24,
B AR i B A eI R ARG HE X —gn
Bot. 21% fl Heartbleed ) J o A Wl 25 S A £ 48,
1K H T IX R R E WD, AP s 4
FATS5 Th 25 5 = AR AT AT ) [l RN TR S0 sl
RR
ASCHR B e A 7 v AT AT A AR
R AN 7] () Bt R A e, W] DA 28 o
[A] 5 28 ) B AR 3t 20 T 7= A R 0 R SR AN SR AR PR 1R 400
R 6 WoR T TRRAE — 5y AT X CICIDS2017
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AR YERE,  FIRHE FINECE Y R PR 4
FRXT 22 4 AR (1) S AR M BE AT VPl . AR BB SE IR,
A SCHT R ARSI 7 VEAEAS R AT 25 T AR 0 T 22
2175 99.81% 1 99.76%, % 43 FAL % T AL

) Fl-score i5#| T 99.69%, — 43 2KAF55 T i Fl-
score 1A £ T 99.5%. SIG 2 FAR B A ST iR 1)
W28 Bt I A T VR R A R, BRI
KrPERE o

=5 ANFIEAETE CICIDS2017 #iE5E FaMEE

e Accuracy Precision Recall Fl-score FPR FNR
Ew 0.99717 0.9979 0.999 0 0.998 5 0.006 574 0.000 995
Bot 0.999 5 0.987 6 0.397 5 0.566 8 0.000 004 0.602 500
DDoS 0.999 9 0.998 9 0.999 1 0.999 0 0.000 064 0.000 944
DoS GoldenEye 0.999 9 0.994 0 0.987 5 0.990 7 0.000 026 0.012 506
DoS Hulk 0.999 8 0.998 3 0.999 5 0.998 9 0.000 196 0.000 474
DoS Slowhttptest 0.999 9 0.990 0 0.9820 0.986 0 0.000 024 0.018 002
DoS Slowloris 0.999 9 0.9750 0.981 4 0.978 2 0.000 059 0.018 639
FTP-Patator 1.000 0 0.998 7 0.995 5 0.997 1 0.000 004 0.004 528
Heartbleed 1.000 0 1.000 0 0.000 0 0.000 0 0.000 000 1.000 000
Infiltration 1.000 0 0.000 0 0.000 0 1.000 0 0.000 007 1.000 000
ProtScan 0.999 2 0.991 4 0.996 8 0.994 1 0.000 644 0.003 208
SSH-Patator 0.999 8 0.953 4 0.978 4 0.9657 0.000 120 0.021 739
Web Attack 0.999 2 0.980 8 0.1156 0.206 9 0.000 002 0.884 354

& 6 ET Transformer P& M5 R

5% Accuracy Precision Recall Fl-score
EZIEN 0.998 1 0.997 3 0.997 3 0.996 9
a2k 0.997 6 0.996 9 0.993 2 0.9950

9 R TR A R, Horh, stepl. step2
HI step3 73 45 22 A HEAT HREAIE 126 436 11 D) 248 U7 & %
Pa RS N 3E A SCHE H (1) Transformer 25 1 1) S 56
S5 AU FH BEALAR AR SR AT R AR A 40 e AR i
LI 2Rl NS T AOSCHE H IR A RHIE R B L E
JE PR JE SR a5 R . SLIR IR 7R 5
BRR SRR RE T, A BRI RO A it
Ft, WULEH AR H ) S A v A R

I Rl S0 o bl & R
104 | Accuracy
0 == Precision
1 Recall
=F1-score qq&q&qz_{bq@
100 PP

bq/ f:)o’ NS 6‘)
N ) o"\-o"\

D
L °»6‘°") o,“)'o,%

&

Detection result/%
O O
(o)} o0

el
=
T

o
[\S]

stepl step2 step3
Different step

K9 THRhsIxT Hgh R

3.5 BTt

T WA SC TR RIS 1 e TR A [R50 S 48
I L5 A R 2 T8 2% 2T 1 AP 7 ) &
RHAT T SRR, AR AL
SRR R L N /E S DBNL MLP 257741

PLe R ARSI R 4T, [RIE Py 1 RS IUDRG B AN A (A2
Z AN ZERE, RS T A ST TR G RHIESE HUT V5
FOHGHE#) Transformer W 28 114 Rt

7 fEH CICIDS2017 HIBESMEH EHITHRELL R
ik Tk

Precision/% Recall/% Fl-score/% 2l

[5] DeepGFL 99.25 84.18 86.91 12
[8] OC-SVM/RF 99.26 98.34 98.75 7
[11] 1D-CNN 98.10 90.10 93.90 2
[12] DBN 88.70 99.70 94.00 6
[12] MLP 81.70 99.50 87.30 6

A3 Transformer (£733%) 99.73 99.73 99.69 13
A Transformer (—753-28) 99.69 99.32 99.50 2

4 ZEFRIE

AR IR A AR IR B ) 7 B AT R 52 10
ARG, AR ) 2 B A R R IE R A DL SRR 2 (R (1)
MEAEHK R, FIHANBR AT 552 — 5
TOEEYE S A5 5 K I B IE A N TR B SR () 5
W74 . FIH R ] Transformer HJ encoder 45
BEAT R RLIAL 55, FRAE T CICIDS2017 #idii 4k
XF 22 43 KA I AT T SRR IR . AR IR RS
RRE, Pt iR &R DU A Soth b
B BN Rtk RE, (R I A S50 20 he 55 4 SRR AG o 2
PRI AR, 224 N D3 RE % B L M AT 302 DX 4 0040
MIREIE,  MTTTEAT I 2 2 B4 e AR SCAN A FH HE 2
] encoder Ff7£ Transformer 155 4 ] Aif 75t WX 2% Fh Jin
ANXUZBRGER, AEBERUANAY B 3R K PR 25 0 0t
[FEIN RS TR E R, 015X M 2 B s iy
AR e A B DA A%
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SO IEH RN IEREAR AT ISR, HE
DR S GONIEH LR, ] DLEL O TR AR 25
SR T AR A, B T ASCRA
Jiiks RS RCEAR N IEREASR AT I R I 52
— R AR . W SCHER [16] R S R AR N
IEREAR, %7V AT DUSE I 4 A HE S B R A o 2D 30
Bl AT i, G S AR A 2 R S
s N5 Ja B T TAF—— LU R o8 EAR AR
P IRAESS, TRA T AT BRI OB . R
2 73 FAE 55 T B AN T DT 52 ) B T A K
SRR i RS RSO ARSI TR B R, X A B4t
X I 28 AR AGE I m R ) i B v = DLl (R T
BLE T A

R
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