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Efficient Automated Data Augmentation Algorithm Based on Self-guided Evolution Strategy

ZHU Guang-Hui, CHEN Wen-Zhong, ZHU Zhen-Nan, YUAN Chun-Feng, HUANG Yi-Hua
(State Key Laboratory for Novel Software Technology (Nanjing University), Nanjing 210023, China)

Abstract: Deep learning has achieved great success in image classification, natural language processing, and speech recognition. Data
augmentation can effectively increase the scale and diversity of training data, thereby improving the generalization of deep learning
models. However, for a given dataset, a well-designed data augmentation strategy relies heavily on expert experience and domain
knowledge and requires repeated attempts, which is time-consuming and labor-intensive. In recent years, automated data augmentation has
attracted widespread attention from the academic community and the industry through the automated design of data augmentation
strategies. To solve the problem that existing automated data augmentation algorithms cannot strike a good balance between prediction
accuracy and search efficiency, this study proposes an efficient automated data augmentation algorithm SGES AA based on a self-guided
evolution strategy. First, an effective continuous vector representation method is designed for the data augmentation strategy, and then the
automated data augmentation problem is converted into a search problem of continuous strategy vectors. Second, a strategy vector search
method based on the self-guided evolution strategy is presented. By introducing historical estimation gradient information to guide the
sampling and updating of exploration points, it can effectively avoid the local optimal solution while improving the convergence of the

search process. The results of extensive experiments on image, text, and speech datasets show that the proposed algorithm is superior to or
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matches the current optimal automated data augmentation methods without significantly increasing the time consumption of searches.

Key words: deep learning; data augmentation; automated machine learning; self-guided evolution strategy
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GRS 2 BEPE A B0R A%, H BRI M AR £5cdi vhobn U B T AR R B8 07 B, T TR B A S i A
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i G TR, T 7 [ 4R D) MK B i SR s TT rh AT B LA EL. Ze3d —m IR s, th BB E SR BN
TRIMHERGZE, I LA Ja i Hcbhe 334 i 512 W 1 394 5 0 SR 3 T DAL B 6 A A VA (B R IR T R S, BT N — 2Dk
S ) 11 3.
3.4.2 RmgIERE

VL SEFEAR I R iR F(I,,,) > F(L, ) B, S0 S8 20 T8 25 04 SR i) 5= w7, HE 1) 6, 5 T, S 2 K 1)
—&; F7 1) AR, H T VP A BR B0 S IR VA0 02 — AN S e 5 R VP A, BLAT AN i I R BB AL, DRIk v] R S A7 e |Y
A 6, 75 1) 45 BL S B B R AL, SR VL EK W, #E ) —6, 7 1), ALY R, FROFQTL, ) B R R /N B
A G PPN AR R, ) FH P (T, ) #0 L LAd G AR PP AL B /NN, R B 6, F -6, J7 17 B 3h w7, SR T 38035, h
TARYIXA 0] B, 38 I max{F(I,, ), F(0,, )} BEAT 3 9HE 7, 4R 5 BURT b<N, AW s FE A 1) VP A5 i 5k 58 58 5K
W [ £ W,
3.43 SRR S 50E

15 51 S 3L S HE 58 RO R G, AN SCRAE I8 R AR I 5010 5%, M P B H SR ILAE ) e 1K Ny AR
o SR 21 IR Y o SR K SR S Hyy, JEUF AL 2 2 AN HUR R SRR AR S R AE — e PR RRHE 2 AU B
WS I ROCR . TR R B, B — N R 2 I TE B R T 4R DK IR, 5 SR DRAL B B 1) T RS B o R 28 40, 7
B —> epoch JATA], B —HEIK B I ZR B 8 2= 40 3 AR (R H080 19 5 T SR W e SRIEAT B 3G 3, 10 e e+
D)2 A S AR B Hy P BE AL IOE B, 7 I SR e 40 5, B8 75 ZEAE S 4 MR AR A B EAT TR0 (R A
5 TCTAT A AR ), 5 28 IR AR (1455 B ME A 3 BRI WA 4 18 2004 5008 1 o S0 1) e PR B %, LA PP A R B0k
EE7
3.44 FHATHRECUE

H 5 A S A DRI NG 72 A2 Ny MR R 7 1) DL AE N T ) E IR 2N, MR R, IR R R U6 ) 5
WS PP AR AR TG ORIA, W n] DLEAT W B ATk, FRAT 405 I BE T 2R LU R ML

1) FEAN TAEST UGS A8 23 BE 210 B SR HEAT DA, A B2 TRAS 52 ).

2) B TAETT S5 BR T 75 R VT R SR b, AT BE R —ANBEN LR 7, AR VP 2 i A AR 2 mT LUk
SN EAD TR S AP SN P, DR AR TR a5 2 A R A — AN .
3.5 Bt EIRIEREARRTE

Bl 4 AR SCR VT INEE T 8 51 SRS 1Y) A S A BR s E0E SRR 8, 0% 1 45 T AR, ok,
SERBEN LY R OB AR R AR R O T IMHTARIR R s AT 24 U7 ) B IRBHER 2R, BRZR IR I PR A S0 7 4 iy B 220 W
DEEA S5 W, T EEAT S 5 S B, BEAT RENLRAE.
i1 E T A5 SRR 1) B s i G R % SGES AA.
N DK g, FUOEARIER T MEUE N, TS v, SRR ¢ EARRE LR T, TGS RIS T, 2k K
NK K BAY O, K s B bSN,, EEHTIEIKG Ty, BHN Ny WEBORHER S H, 5348 H AR BN Bl 1 i s ns 2 5
Hyp, TAENY S8 m<N;
B 25 As H RAERUN B G R AR A Hy

1. VI A B s B s b T1 R SRBE Rl & Wy = 0 e R™, 1= 0
2. whiler<Tdo
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3. if 1 <T, then
4. MM N(O, 1) P RAEAL R TT 0 {0}, 6y, ..., O}
S. else
6. MIAFT O rh Bz OBE FE AR G e R™, IR REFEREST QR 20 A 2B bl BE 125 ) L FIIEACTHM A3 10] L2
7. RAE AR (5) AR T {5}, 6a ..., Oyt FEHIH—L
8. end if
9. for each worker i=1, 2, 3, ..., m do
10. WAER I 51, 8y, ..., O PTRLE m S TAET A
11. VA YGEAR T 27 1) A S DA R, FEoh— O £ S0 15 FH ) et 189 SRS -3l Ay -

;. = MW, +v6))

{Ht,i.— = MW, -v6) ’
Hrb, ie{1,2,...,N}

12. A5 FH I 2 B ) TSR M, 000 FH 500 Y B0 S T, AP T, OSSR 2y il AT I 25, SR 51531
IR FT,, ) B R, ) VRN PPANE
13. end for

14. W m AN S FTAVEANE FAT,,) B AL, ), A max{FQT,,,), F(I,, )} W71 6, 3EAT B e e, 1
s ROoNE i AN RCKIES i), i e (1,2,...,b)
15. WA (12) R VE([T)
16, JEREEREE L THEOREERT R — ORI e W,
Wi =W, +nVF,(I1,).
17. Bt VF, (1) IEABA Q
18. W 2T, FHEWRE H 5] TR REAR 5) F) o E

19. if t % Ty == 0 then

20. e 2 AR SRS 1) AE W7,y P 00 PO 8 i R T,

21. for each worker i=1,2, 3, ..., m do

22. FET R My E VPR ECIE SR 500 11, SRAF VR FO(T,,0)
23. end for

24, W m A TAET BV E, THEPPAN (A
F(I,..) = % Z FO(IL,,)).
25. ¥ F(I,) FHSENE T, SEH R HER 3 H o
26. =1+l
27. end while
28. return Hy

BRI, SN SR 60 B W, e 05 4 O R W T, L5 D 4 0 48 3 SR T, 70 L8 U R M0 4
D LA S5 S O 1 (D) - OB VP A5 BTS2 6 B Mo, XS5 O AT 146
VA, — ST ST A0 A (LR I 44 BB L R . I 2, SRR L 2 S VAR 2/ 75 Y A
PO (R0 S0 1 2 KRR A% 5 S o J W, AT 807

R PUE AL AL, SIATELAE A THIOBRRE VF.([T) A ANE] AN ke IBASIZE 2% O, 2L [ 5E I FiA
SEARVHE T, Ji5, SEIE TG BEABAS © IR kAN (073 S VPR BEE, TR — R ERIRE G, € R, SRS A ekl i
TERI] L FIR R IEAS AN L8, B AR (5) ZRFEHEZEIT1(0,, 6, ..., o) I ELIA—AL. VP e M2
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3022 WA IR 2024 5 35 K% 6 Y

7 T (R RS S R SR S, 65 B PR ITAT VAL AELREA T B P HE B, A3 2R b AN K5 9 K000 18 5tk SR LSRN (K VP AL £, 48
JE AR A A (12) AAVBREE VL (TT,) o ARG AV R0 LA AR b e S SR i it W, AR R VRIS AR o5
FERER LI SRS Ji)

Ny
TE) = 5 3" W, +v6) = FOW, =~ v6))0, (12
S =1

2%, M TG BT AP 282 (R AN S PAt 77 2K, AR B 5| 2 AL SR ST AR R 2 1] P R R am AL 1 i 1
SRR, T HEIEAGTAIN, IR RS e VUAR, 10 LR PP Ak 3R (] 1R DA Bt 2 A7 AE 2 I BEALIE, #
IEAEIEARLRE PR ) Ty AR R GRS AT — YOI A A s 10 SRS DPAs 1A=, X N2 10 DAl (B0 250 s 18 5 S
DB R—ADFEN Ny M KRS H . SRS, Hl 2O s H N I SREAR D4 d5 2 i 1) 2000 49 56
SR Ry

Kl R A 1,

‘:
<
il Y
191 St e % A %

SRR ZRAE 10, (Dyair)

%
T, HEEWO

= it

BRPE T ] &

4+ sz | A
B8 SRR A g ;
&R KT RETH E ) @ /@
N TS RS - AN
@ R W
P )T e
| B
{> é s@m&@muﬂ : . i

| Ray %% GPU ¥ &1 node, |

4 SERARRREE

4 SLEHES O

4.1 LR EBESHIESE

AR ST S PR B G AR R 2 R, AR RUERAE R S8 Ubuntu 18.04, 2 (KO 1F ARl A :
Python (3.6.8), Torch (1.7.1). Torchvision (0.8.2). Torchaudio (0.6.0), Ray (1.2.0), Torch-audiomentations (0.6.0)+
nltk (3.5)~ nlpaug (1.1.3) 1 librosa (0.8.0) %%.
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(1) B H a4

S T 1) PR B 42 2 322 CIFAR-101'%, CIFAR-100"2F1 SVHNP#4E . Hirh CIFAR-10 338454 10
25 32x32 R MAE G, —ILE 60000 5K B, f—3405 6 000 5K B, HHr 50000 3 B AE A I ZR4E, 10000
ik PG A IHRAE . SVHN Hdis 46 /25K H Google #35 B T 1R, — 308 10 AN, Je 5 73257 IR
4E, 26032 MR LE.

() EE R

S I IR 5 B R 45 £ ESC-50P10 GTZANP?. Hivh ESC-50 ¥id 4214 T 2 000 /A 5 s FREEIE &5 1
B, 36002k 50 25, AT 40 ANFEA, VIZRSERMIRSE T 1] 4:1 (L1731 4y, BIUIZRFEAR 1 600 A,
IRFEA 400 4. GTZAN ST 1000 ASEHSCAE, H5324 10 NMRIR (GEa), TS S 30 s, Y125
HMIMRAEIE I 301 IO ELBIHEAT R4y, BRYIZREEAS 750 A, TREEA 250 4.

(3) JCARHIRSE

S BT P 1) S0 AR B0 4 32 22 AGNews™ il DBpedia™ #i 42, Jirh AGNews B 42 - 2% A Il 48 22 7 |
ComeToMyHead M 2 000 224N [FIR WA IR 813030 AR &, 1B AE3L A 4 AN2E00), A48 120000 MITZRAE A
F17 600 NIAAEA. DBpedia £ 4 /& K MU 208 5 51 E, M4 Wikipedia 9 5 H 145 S HEQIH 1).
DBpedia 3532 W FIAR AL 2 560000 AN ZRAEAFT 70000 MIURRFEAR, FEAEARIBIAE 14 25

FINHETER. ESRCARREIR IR LG UG R, OFENAFEALE . WA H Fbs 4 g .

K2 RIS R x3 EB BEENSCARER IS E
JE Tk g E AR (AN AR 8) En Bt INZEAKH WEEEARH AR
CPU  20xIntel(R) Xeon(R) Gold 6248 CPU @ 2.50 GHz CIFAR-10 50000 10000 10
GPU 4xTesla V100 SXM2 32 GB &% CIFAR-100 50000 10000 100
g2 240 GB (15x16 GB) SVHN 73257 26032 10
DR 1 TB HDD i ESC-50 1 600 400 50
B 1 Gb/s Ethernet GTZAN 750 250 10
g AGNews 120000 7 600 4
DBpedia 560000 70000 14

42 BESHRE

MRAE L 1 BT, A3 SGES AA Bk fr i B S HOIT T W, HAR R Wk 4 Bk

(1) g B S5k e

B0 159 254155, CIFAR-10. CIFAR-100 A1 SVHN 75 B2 75 A [R] R A8 _E A7 1 25, A0 110768 2 H 1
K 5- 7 Pros. Hoh, CIFAR-100 2 8 A W4 &, [ 5 CIFAR-10 #ifs & LUBUARLL, #7E CIFAR-100 [
SR SFEME T I 7E CIFAR-10 38R SR

(2) BHE R ERESHNE

EISHEE 73 24145, ESC-50 Fl GTZAN 5 ZAEAN R AR AL 1347 25, 524 (V8 S 400 B ke 8 i,

%4 SGES AA FiEBSHEE

i WEE SR e H
LKy 0.2 PRI T, 5
MR IT MEEN, 8 REHIHEN, 5
TSy 0.05 TAET A m 8
B LT 60 THAIKRELT,, 16
IEE ) 6 BAF QW 2tk 20
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# 5 CIFAR-10 BE KB 240k &
F Bt LY epochs learning rate & type batch size optimizer
R B ResNet- 181 60 0.1, cosine 128 SGD
WRNP? 402 200 0.1, cosine 128 SGD
WRN 28x10 200 0.1, cosine 128 SGD
UK B Shake-Shake (26, 2x32d)>" 1 800 0.01, cosine 128 SGD
Shake-Shake (26, 2x96d) 1800 0.01, cosine 128 SGD
Shake-Shake (26, 2x112d) 1800 0.01, cosine 128 SGD
# 6 CIFAR-100 B3 285000 B S B B
B B [ epochs learning rate & type batch size optimizer
WRN 40x2 200 0.1, cosine 128 SGD
BE I By WRN 28x10 200 0.1, cosine 128 SGD
Shake-Shake (26, 2x96d) 1 800 0.01, cosine 128 SGD
# 7 SVHN B Sl S50k s
F Bt I epochs learning rate & type batch size optimizer
WRHT B ResNet-18 60 0.01, cosine 128 SGD
WRN 28%10 200 0.01, cosine 128 SGD
IS SE s
Sk B Shake-Shake (26, 2x96d) 200 0.01, cosine 128 SGD
# 8 ESC-50 1 GTZAN ifi &% i S 40k E
B B FiR epochs learning rate batch size optimizer pretrained
R B Inception™ 5 0.0001 32 Adam™! True
ResNet 70 0.000 1 32 Adam™” True
IR B Tnception 70 0.000 1 32 Adam™ True
DenseNet™” 70 0.0001 o Adam! True

(3) AR B S IR E
B4 SCAR ) AT 55, AGNews A1 DBpedia ity 2 AEAN [ A EREAT I, AR 2 H05 B W2k 9 P

# 9 AGNews il DBpedia LA R B S AR E

B B

A epochs learning rate batch size optimizer
TR B fastText""! 2 0.001 64 Adam
fastText 10 0.001 64 Adam
- TextCNN"! 5 0.001 64 Adam
WAEH Bi-LSTM+Attention”” 5 0.001 64 Adam
Transformer™"! 10 0.001 64 Adam

43 SRERSHHR

SBG R EXT AT T SGES AA HILAT I HAL B B4k Hodh 3G 3R 5%, 4G Google AA. Fast AA. PBA.
Faster AA. DADA. Rand AA 5. [FIBF, K306 5 75530 T DADA 1 Rand AA W Rh 7R & AN SCAR SR S 1)
SIG IO AIE, 33 b G40k U AR AR M 1 TR B30, DADA ST 302 19 S Ak B 1 i g AR & P 47, Rand AA
SRR R AR SIE, BRANIX PRSI I R R Ao, T /D B (08 SO A B T SR b S R i 5 4
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FISCAR G FAT 5510 A B A B a3 5.

TiAh, T IR [ 51T USSR, A S SEEL T TSR LI R P 5T ARS AA (augmented
random search for auto-augment), ARS AA [RIFERH T A& VI R 0. i T ZREN XL el 1 B,
ARG K T ST SRS AE IR AE L MER R AR, T SLIR YIS AT 3 WK, HG T MER R AR 22,

431 BEGAEER

F10-F 12 IA ARSI CIFAR-10. CIFAR-100 A1 SVHN IX 3 A~ E (G B4 1 i sk ik ff 3R &5 51
X SEEG 25 LRI, SGES AA BATERIGHR AR EIUR TR T BiE VL H AT SR ENE M PERE. JErh, 75 CIFAR-10
HIE P HHER S 1| (B 5HR M EIL 10 ). £ CIFAR-100 1 SVAN a4 _F P44 R 5 2.

%10 SGES AA 5ILAbSTILAE CIFAR-10 Hdii 4 LA IR MR AE AR (%)
B WRN 40x2 WRN 28x10 Shake-Shake (26, 2x32d) Shake-Shake (26, 2x96d) Shake-Shake (26, 2x112d) Average rank

Baseline” 94.70 96.10 96.40 97.10 97.20 10/10
Cutout” 95.90 96.90 97.00 97.40 97.40 9/10
Google AA 96.40 97.32 97.50 98.04 98.11 2/10
Fast AA" 96.31 97.26 97.24 97.55 97.78 5/10
PBA - 97.42 97.46 97.97 97.97 3/10
DADA’ 96.14 97.11 97.32 97.80 97.83 7/10
Faster AA” 96.26 97.23 97.18 97.78 97.82 6/10
Rand AA" 95.67 96.63 96.93 97.54 97.88 8/10
ARS AA  96.46+0.008 97.30+0.010 97.43+0.012 97.87+0.008 97.95+0.006 4/10
SGES AA 96.63+0.003 97.39+0.006 97.45+0.010 98.04+0.006 98.09+0.004 1/10
Rank 1/9 2/10 3/10 1/10 2/10 -

VE: A bR oz RO A PR v 77 AR 5R = 7 TR AZ AT TR, AR MR X [ 58 SO 45 0L, IR e
S 0AE AL N IR RankfQESGES AASIIEAEFTA A S L8t 1y s Sk P id e 42

# 11 SGES AA HIEFIHADFELE CIFAR-100 23 %12 SGES AA SyEAIHAS VLAE SVHN Hidh4E I
£5 FORTRIAREY (A HMERT R (%) ASTRIBETR PR AR A % (%)

Shake-Shake Average

Shake-Shake

ik WRN40x2 WRN 28x10 (26.2x96d)  rank Rk WRN 28x10 (26. 2x96d) Average rank
Baseline” 74.21 81.22 82.89 10/10 Baseline’ 98.47 98.56 10/10
Cutout” 74.83 81.58 84.07 9/10 Cutout” 98.66 98.67 9/10
Google AA  79.28 82.88 85.71 1/10 Google AA 98.87 98.96 1/10
Fast AA" 79.02 81.78 84.65 6/10 Fast AA” 98.72 98.74 6/10
PBA — 83.27 84.69 3/10 PBA 98.82 98.87 3/10
DADA’ 78.87 81.88 84.67 5/10 DADA” 98.70 98.74 5/10
Faster AA” 77.90 81.96 84.42 8/10 Faster AA" 98.68 98.71 7/10
Rand AA" 7836 82.28 84.30 7/10 Rand AA” 98.60 98.28 8/10
ARS AA  79.10+0.015 82.68+0.011 84.75+0.013  4/10 ARS AA 98.77+0.008  98.75+0.005 4/10
SGES AA 79.07+0.016 83.11+0.008 84.80+0.010  2/10 SGES AA  98.87+0.007  98.94+0.005 2/10

Rank 3/9 2/10 2/10 = Rank 1/10 2/10 —

W A7 AR bRe R Rz g R A RS RS B CGE =7 VAT B bR g R A R O ARAD EE — T
AR AT R, bR NI RE H JF SCme 45 4. kil PEACRIZ AT K, Abr* MR EL E JER SO0 45 4. %
TR S 5 AT [F) 20 P9 B 4. Rankf R SGES AASVELE T A H I S 5 BLAE [F] 20 P 5 4. Rankf R SGES AABLVELE T A
BB SR ST R (A BB ST P (R HEA

432 iBHHIIL

o
13 AN A R 5 BEAE ESC-50 Il GTZAN 34 A vEmf =R 45 1, Forb Random 1R 20 18 o 5
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W Z AL . SE 45 AR W], SGES AA SLIEAETE T 73 JAES5 1) ESC-50 M GTZAN 343k 21 1 fep i K 18
AR,

# 13 SGES AA SyEFNHAh Sy A8 3 B 45 L I HERf RS B (%)

Hi Ak ik ResNet Inception DenseNet
Baseline 84.75+0.13 81.25+0.14 87.15+.012
Random 86.20+0.18 81.68+0.21 88.29+0.17
ESC-50 DADA 89.45+0.26 83.25+0.44 89.75+0.76
Rand AA 88.58+0.31 83.75+0.54 89.08+0.82
ARS AA 88.74+0.11 83.85+0.20 89.92+0.33
SGES AA 90.06+0.11 84.46+0.18 90.23+0.20
Baseline 91.60+0.09 85.21+0.14 92.40+0.10
Random 91.55+0.21 86.20+0.18 92.93+0.17
DADA 91.75+0.26 86.80+0.40 92.42+0.28
GTZAN
Rand AA 91.50+0.52 85.87+1.54 92.80+0.32
ARS AA 91.83+0.14 87.44+0.11 92.88+0.10
SGES AA 92.23+0.07 88.40+0.10 93.62+0.09

433 SCARGTE

R 14 AR B 5 H 7L 7E AGNews A1 DBpedia i 52 L )i AEAf % 45 4L, FL 4t Random 483 K 18
A S UL . L0 45 R, SGES AA BVETE SUAR4r BAT 5511 AGNews ik B T 85 4 19 5048 1 58 3L
X, B2 T DBpedia ] TextCNN 5 8Y LE A FH 14 SR BEHLAE R (1) ARS AA BETH 22 2 46, JLABE R B8 3 T mefk 10
By AUR. T R HER 2 T AR A, AR T R 20 RN TE 5 40 28, H0a 1S o0t T SO 7 KA 55 1 1E
AR LS9, T H A BE AL 2504 8 i SR A R DLRCEIL, S 1) 0 38 7 S0 e S T 2 AR AT S AR 43 SRS 2 1) i U e
JiFzAGRE ).

% 14 SGES AA FEFNHAD F LA SCARBHR 4 _EIUER R T L (%)

AR Hik fastText TextCNN Bi-LSTM+Attention Transformer
Baseline 90.59+0.06 91.94+0.06 91.34+0.10 90.93+0.04

Random 90.67+0.06 91.87+0.05 90.89+0.09 91.02+0.06

AGNews DADA 91.57+0.08 91.75+0.13 90.98+0.28 91.64+0.29
Rand AA 91.04+0.12 90.92+0.17 90.41+0.06 91.57+0.14

ARS AA 91.49+0.08 92.11+0.06 91.10+0.08 92.06+0.05

SGES AA 91.66+0.05 92.60+0.07 91.56+0.08 92.12+0.04

Baseline 97.71+£0.02 98.61+0.05 98.70+0.08 98.27+0.06

Random 97.88+0.04 98.10+0.05 98.26+0.10 97.95+0.08

DBpedia DADA 97.74+0.08 98.56+0.07 98.78+0.13 98.34+0.10
Rand AA 97.83£0.12 98.49+0.04 98.74+0.10 98.35+0.09

ARS AA 97.92+0.04 98.76+0.06 98.82+0.10 98.44+0.04

SGES AA 98.04+0.05 98.72+0.06 98.94+0.07 98.62+0.09

4.4 TREGITF(E 3T SCIERRZEMN MO

7 SGES AA FLIL M SEmE VE Al R Hp, S0 75 Bk SR M [a) o 950 kg LA I B 38 S SR s, AR JE RN SR s ik
AT VPA. AN T C07 VT A7t ) 8% S LS DT 199 20 SR I 0 0 TR 3404 o8 SRE WS BRI DPART 7= A AS ) (D VAt 42, BTG S 28 5 i 31
SR (B B 5 SRS A SR AR B HERf . A3l 4E CIFAR-10. ESC-50 Fl AGNews #li4E I, &5 A R
(13 VP 19 2 R ARTA ] 1) D0 2% BB Y R X P S R 32 AT T A DG SE .

F 15 AT LUE Y, 78 8 VOGP 25 U 2R S0 E B0 T, B PR RIS R (R DAl 9 24 2444, Rl ResNet-18 (2445
T GERAIN TERRT L) 55 WRN 40%2 (P92 58 S5 F A0 TE 2 4%), SGES AA 15 21 FHCH s 3 i S ms ) T s 28 I i Y
(IR A MER ZE S AN 35 AR, bl T 7 SR 00 D) 85 SRR S R I 5B B I B, S 380 4% 1 B A0 B 1 i A o
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TR RFEIN 2 K, IAE VI ZREE 50 & 4 60 451, ResNet-18 #EMY 4.8 h, it/ |- WRN 40x2 B (] 21.85 h,
1EL 2 9 357 2 ) P B0 1 5 SFE I 7E WRIN 40x2 F1 WRN 28x10 [ IR AR HEAf 22 e TR 22 R LU A8/ ]I, 7 il
S VEAL P 265 AR A LT, BE A TR AL P 2% U1 R0 S 38, 50V HE ) 0 38 2 SR s e e 4 I B R By
FHETE, (HAE 60 33 90 F& HIMER 24 THR /I, 90 R 3 120 Fe M2 L - AT AL L.

# 15 A{E CIFAR-10 _E VPl 0 48 2R R 2R 58 B06 SGES AA MET AR [ 52 M%) HE
F AN AR IR UER R (%)

A3 Xé }JD‘\ A3 Xé Ié/y': ¥ /\'1E\ h
VP4 421y VP45 111 254 HRIE () VRN 032 WRN25T0
30 2.56 96.52+0.009 97.29+0.014
60 4.80 96.63+0.003 97.39+0.006
ResNet-18
90 7.48 96.63+0.006 97.38+0.010
120 9.98 96.64+0.005 97.39+0.008
30 11.14 96.54+0.015 97.30+0.013
60 21.85 96.64+0.008 97.39+0.011
WRN 402
90 33.08 96.64+0.007 97.39+0.010
120 44.24 96.65+0.009 97.38+0.008

2 16 FI%2 17 B0 T SGES AA FIiE2E ESC-50 Al AGNews Ui |- A< [ 11 VA8 9046 4244 LA 2 R 0
YR KON S5 DU I 28 5 R A1 2 1 SO L 45 5. 15 CIFAR-10 A 1 100 Ao, BV D666 5O, P
10 19024 O 2, 0 L S 0 3 S 2 SR O M 2o A /NI (LI 5 28 VA P 0
SR 0 8 2 (1040022 I 1] 76 i P D0 5 RO LS 10 5 05 B O, S0 0 S B SR M E B2
AR B TaA NI BT, B, A SCE % SGES AA BEVAE B4R CIFAR-10 1T e oA 09 44 4
HaBiA g ResNet-18, JEA4 I ZRA0 H0IH 2 60 45 7E MR ESC-50 L FEHEII VK 1945 48 IR Tnception, 3
A5 GRAE B 5 Ny 5 4 ZEHORAE AGNews _EFFAEREIVEAE I 4 R HIBI Y fastText, JFHUI 6 B0 5t o 2 46,
53K 0 8 T L R4 T 3 1 e 5 S 97 5 MR

# 16 7£ ESC-50 LA /] Inception $F-fifi B4 2% 28 f AT * 17 7& AGNews | PFA% 9 26 4R R R Eon)
SREHOT SGES AA HERR 1) SE WA ST EL SGES AA HERZ IR sE R L
IR A AR RN MR AR
VRRM% MEHEN S o o VAR R
WEE HERT (%) VAN Gim ) HERIR (%)
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