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ABSTRACT

Candidate classification is a crucial step in the pulsar search process.
It bridges the gap between different stages, serving both as a summary of
the search process and the beginning of pulsar property research. With the
official commissioning of the Chinese FAST radio telescope and the
initiation of projects such as the Galactic Plane Pulsar Snapshot survey and
the Commensal Radio Astronomy FAST Survey, pulsar classification faces
the challenge of massive amounts of data. A single three-hour scan at a
given declination can generate millions of candidates, posing a significant
challenge to the classification task. Early manual screening methods can
no longer meet the demands of this step. Although machine learning and
supervised deep learning methods perform well in pulsar candidate
classification, machine learning heavily relies on experts selecting features
of pulsar samples, and supervised training is highly dependent on the
quantity and quality of samples, making deep learning models difficult to
train. To more effectively utilize vast amounts of data and various excellent
visual deep learning models, this paper proposes a two-stage pulsar
candidate classification method inspired by self-supervised learning and
transfer learning.

To apply pre-trained models to FAST data, this method first pre-trains
the model using self-supervised contrastive learning to obtain a pre-trained

model, and then fine-tunes the model using a labeled dataset. Initially, the



LogME method is employed to evaluate the transferability of various pre-
trained models. Both linear evaluation and fine-tuning evaluation methods
are used to comprehensively assess the performance of pre-trained models
on the HTRU1 dataset, measuring the effectiveness of this method on
pulsar data. Subsequently, the pre-trained model structure with the best
transferability on the FAST dataset, as determined by LogME evaluation,
is selected. A large amount of unlabeled data collected by the CRAFTS
project is then used for self-supervised contrastive learning pre-training,
enabling the model to acquire the ability to identify pulsar features from
unlabeled pulsar data. Finally, the feature extraction module of the pre-
trained model obtained through self-supervised contrastive learning is fine-
tuned directly on the FAST training set, and its effectiveness is tested on
the test set.

The results indicate that using this method for model selection is
straightforward, the training process does not require extensive data
annotation, and the resulting model achieves good classification
performance. This provides a reference for applying state-of-the-art
computer vision models for transfer learning in periodic pulsar detection
in other telescopes or survey projects.

Keywords: pulsar candidate classification, transfer learning, self-

supervised learning, contrastive learning, transferability evaluation
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BRI AR, T RIS ELSERIE T, E  E 2  E AR LUTE A
AR AR B A, DRI 75 B N T AR 3 R ¥ 45 AR AT PR IR BIE . A LA
J&i, RIAT0T [R]— A7 B (0 SR ALLIE A FH [F) — B 4 B B B AT T O . #E T
SRR Ak e AR BRI 1) AN P BRBEAT PRGN 4H

FEEE ] FTh

\ 4
PIR% A e e o W 8, i
\ 4
& p| 5 AR AFAE 32 X > L2 I 26

\ 4
R IH N |« AT iE
K 2-1 ok B Rz
Hrr, 2 FHOP IR 32 H 2 L BR R B i B U B E 2 8 T ek 2
R ) FRE AR S B T3, EATTRTRER B TR A5 8 b LA WL ki
TEEES. 2k EGE S AmMEE, B RAET L T2 BINR AT 5

2 https://github.com/scottransom/presto



1S S T AR ERXE NIE T T, S BOsIs s i ke A2 .

THEOHCPIR E 2R T M IR W5 SRS B BRA Jo i 7= A ) O, REE
AN B R W) i A R s AR S T B3 B e B I TR AS — B0 1) e bl T AN [ 4
A S T BIARS TR A — 3, 2 51 Ak B kg™ 98, 5200 21 ik 2 1)
Rl 2B 2 BN — R BUE AL BEEOR, RHRR R HE 5 3T i
B IE R AT HMEE, A5 5 b B BP0 3 A5 204 B B R I TR AR — 3

DR e L P A D BRGE oS I A S RS S BEAT FFT AR, K FLE 9
BB 5, NI RERE TR ML R R A5 5 75 & MR TE F oA, a3 R 46 st
A B TSARIAE 5, B REAE S S ot R A0 2R Bl HAB i B il . T
28 T Ik ) D 28 1 e 2 20 B B I SRR AN O B, HH I B8 T 2 K 55 1T IS A 3]
R B A O, A IR SR AT AT DA e i 8 S5 e 75 el e 4 E BREL, A
A 380 ik b A5 - DL A 8 EATT T 40

I A 2R 0 2 H AR A I 23 B bk b B2 3 B AR A I nE BE AR AL, BT bk
MR T ARG 1) B EANETT BB A B s 3 ECE = AR B, Rk i
ENAFAE NN B AR A T 7 A 22 2 3R, 51 REE Ik 5 5 AR Ak o Tkt i 48 2
ARSI 73 B X 8 SHARAY, A A ROt A AR ke 2

P D BRSO B A I B, AR sk B A S B ERR L, A
A 2R 25 H R AT i, R T [ — AR A B AT, XA sl T DA 224
HINWE S2INE &, H9E JETHRE. &5 KEdE#T-F A3,
DAt — D g D B0, $RTHE 5 BAIIME R EL, R T — (5 5 B3
H T S, AT PP A YO ST BE R ki E T, 7RO — P ik A
FI5E o

KRB T, PrEB R — AR, SR e R 21 B L
AT I A5 Bk B A FEE A . DL Presto FEHT B 5 45 oA, & 2-2 Fr
Ny ARk R A gk A B S DU B 1A, X e TR PICSPUIFAR —
VR 2 21 R B 27 STRE TR R A N, 70 A2~ JA ka8 B 1L o IF T AR 2 & A
KA E A DM 2R

(1) Bt FAlkPRe R, BRI bk b B A S R IR E S 3T h B )

BRI KR R g . Rz T, BEACRM AL, ACREESHE 5 1)



SR . ST BT, W DL T bk e AR S R S S AR
DL, ARERKTRIEAR. AR TERESEE R .

(2) = PRAEM A-FNL ], R 7 ki E — BUN B N RS 5 /RGOl e
T AL, AR RN ) o BT TR AR AL, ) DU B kA 15 Ta]
E AR, T AR A S R AR E T

Q) HEATEESCRAMAE, ERoR 1K R E E RS 5 A6
fHoL. BUACRARNL, HAACR S IR IEE . SR-A AL B AT LA B 7
AT U R ERER e e Sk (15 AW NI 7N L et AL RN EREAIDE TR b

(4) BJat DM #h£k &, DM Rt EE, RrBihaad i,
ESmMEAMERREE. DM KSR TEARGEE T, F515%
FEARALTE DL GO T, DM 2R IR 1) DM B2 1R IE
K R IO 1T R A O R AE . AEANE & TR &L & (DM=0
ARAFAE U — MR T, BUEMCR DM (ERoR 55 5 FE S I (W
BREEE O, il rlRE R SIS S .
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= Phase
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B
So
3R
o
iy = - L L . .
o 05 1 1.5 40 20 0O 50 55 60 65 70
Phose Reduced x* DM (pe/em’)
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i o]~ i DMt 4

Bl 2-2 Presto A2 7 A 09 kb B AR ARG &0 EE EGAE (ER5IA

B Presto # 2 X+ e =)
CRA XA TEBAE R, AT LUK ko 2 A RRHE A 1 R A SR IR N B B . P 3
Rk P S R Bk S 5 (R TR BE A1, ) AR S P R A% AR 6 L Jg e T
Rk LE IS TR AR T A, DM 2R B R AL T 56 FA5 5 (iU IE i) L 2



58 IR, BTN Gn] DLEE v A o2 ikt 2 RO R o, 3E4T 32—
A IR TEAN G o i B B2l BRAE U kb R BRI AR 1, m] DAXGHZAS 502 75 Dk
T EAG SE LI W .

2.2 CRAFTS X

R 2 B2 H bR [E I 38 K (The Commensal Radio Astronomy FAST Survey,
CRAFTS)*/246FIH FAST S HBEmG#HITHIZ Bin. 2. 2R HRRK
RAHRIBA, %I H B TE7R 4RI H FAST WISEWIMIEE 77, 34712 5 LR ST 3
WHoE, ek A T BESUR M. R BRA BRI . bR S e R (FRB)S 4%
ZAFTAUR . B FAST A KR & e /i BE SRS 10, JF 7 i 2 3404
[FIFHE BARRECE, DhICBlEE R 28 MR R A OR X8 o6 (1 — Fp AR5, |
T EE I XA 714 BERI+5.5 BE, XTUKR IR FZE RN T 750 FIH
FAST REGSE, [RII i KRR L AR R Gt AR I 2 4 . R FAST #5401 19 9%
WL BB, R X R E A B TR IO, i 2 A g R AL
H, DUREUK R R SR R SRR AN A R . R 2022 4R
8 H 15, B 18%M K2 E k.

2.3 MXREFIERMTENE
2.3.1 REFIRE
TR SRR & — R EE TR BN P 48 S5 1 O HLAS 2 ST A, eidid 2 2 Ik
AR 2 PR AR SRS Ak ek BOR S B2 2% Bt IR AR AT 52 20 SR SE 2 AR A
bb, IRIEZ S IR R EAT PR LA 25 1 X AL 3
(1) WERR: REFABRBEFZARZ, RREGHEMEZ, T3]
PR B 22 SR U BRFAE - AT B e 17 AR ) TR E A = 3] i
(2) ARLRPEAR M. TR S SRR T i — R AL 5 AR Z MBI B KL 110 ReLU
Sigmoid 5%, IXEEpRHRENS 5| NARLLIEDR R, (EA3 AL AT DAL B N 2%
RIEE R AT R AR
(3) Iy > IR S IR AT DLREAT o B3 1 5% >, BB A SR Bt v
FOVRMEROR ARSI, Of T LUOHRHER IS, AT LB ) 26

3 http://groups.bao.ac.cn/ism/CRAFTS/CRAFTS/



MERIR, AT 2N LI URRE SUR IR IE LAR, Aol 0 L hod AN [7] 4
PEFUES, WL T R BRI R IR o

(4) REHRALIR VR P ST R RS X Ak 2 e e, m] AR R
EHEERIZEAL, I B 2 A Re S AN Re .

TR 72 W 245 (ResNet) VE i 88 2% SRR o (1) — o s 2540, AR INUR I 48 )2 IR
TR T 2 o0 E L HEBNE ] o ‘Bl 5] Nk 22 % 4% (Residual Connection)f##kt T
TR 2 R 288 1| 5 TR Fs 8 Y R AT B2 B X T AL, T PT AV ZRIARH IR X 2%, & 119
120 R IR B R NS 5 % A S AR N, AR AT DL 2 o) i 72
ST AN A2 BB WG, AT B 25 B Il G50 S I 45 360, ResNet (1145 44 B0 TH 7 45
RATESEINIRFE R IFI B, ORIF T RAF PR RE AR E MR 78, A T IR E % 23 40
P E SR R 2 — . BAN, AT UAE 2R K Attention V3R AL
JZ R TR BRI TN SRAE AL BAE BN R R A I R . e
O AR AR b 5| N—FhL], AE AR AT DL A 357 ] ISR AR 5 ) T4 24 6
145 5 W Bh S BB Bk 22 JE BRI A 32 LA 10t AR K b A B 1 R 5 2 5]
TR R S VF 22 A 033 i 25 T 3 RO B ML AR B R TR ol B ok, g
SENet. Vit. Swin 5. X SUREAYAE R B 2% 5] USRS 1 38 R 0R, AN Wimie b
IRLERY, TERLT SIS B e P AR ) AR AL 08401, ORI 7E V22 U A R IR T
HEMRIL, BlanE G 26, BRI, 55 U R E AR E S BT 55
974 NHE st . BRI, ASWTHE ST i 25 A AN R AR Y 2 IR AR R (1 Rl
RET WZALRE ST AIE RN, AT S 4 b S 0T 52 4% R B A 55 NPk i

SR, X AL 75 2P K I SR Ak e e B3 BT B0, %t
T Ik e R A 3 Ak o FIX AR AT 45 KU, BETE ISR B e K ) e S I 2548,
TR R o 00 e A AR v (B D R AR R B S BEE, AN,
TR E R RAFAIR, oLl R MR ZRR 7oK . B, IR X
Sb R f 5 2 ) R RAT (5 FL AT 258 T ik R B A 43 AT 55
2.3.2 ImageNet HIEEATRINZIRE

N T FRPRIEA ], A5 AR R R B 2 5B SRR
Lo UG I — Se g B an it . BSO8R ISR F (5 B0 — WK, WA — MR
A R ) 2 2 S BURHIE R R T LU RS B e AT Sl A T8 — M@ ST



BB, FEEE RAVEEAE, R T IXAN KA IR B A AT 78 7 T 25

ImageNet 1k $¥54E, tHFK ISLVRC2012, /2% K[ ImageNet FdE S — 4
TEE, EE TSN REAT 5 TR SRR 2 SRR, EIREE T 1000 M4k
Fanl, NGEAE 1281167 KM, RAEHEEE 50000 5Kk EHZH,

TSR AL & —Fh 2 22 76 KA HE SR AT 78 23 I 25k L 56 J0R 1€ A 55 IR VR B
IR, e DLEARME A, AT DARIE e PR N 7R R B e ], — BRI
SEK, IR LSRR B 2 ORI S5 AL . B R EE T B AR IR
AN AT IR BE A SRR AL T B A TN 2R B R DR AU, A
AT DASRECN T 56 BURAN R 78 AT 55 VI 45 56 BUAS B IRTR BE 5 ST R b AN JR IR
ANBUE, IGHTE IR SERARS o IX SR v] DL TAB K, 38 AT LA A 7 o
VRINE 22 14 2 LAt — 0 e i B e, BTN ZRE Y, w] DUSE SRt & il A T
Rk AR A AT 55 1) AT RERL . SO RRIR BT 2 o) R — Bl LB, @
S AR AT L7 50 ) FH T 5300 18] 25 20 P38 FRFAE , A5 BT 25 b i cdl st s 2
A S HOHAT O o IXRER IR RO TR I G B2, R e T B TE Ry
SEATS LIPERE . TEF ARG S A0 BRI, ISR 220 TS 215 1 40 BT
W RS0 A R EAT S5 o I TE KSR AR EIZR, TSRy oo
FAFEEMEEE, AREARSZRA 13, FIRE, ETHE U S,
TR SRR 1 225 1 (O B B 22 U8 . BB, AR AT 250 R A5 i 40t
32, Sk R BRI T e AR AR SR B e

ImageNet 1K i 4 b1 T 3 2 K (28 B0 H R0 %A 88 rp 2500 1 B 2 DL %
mREVERE R, S EET ENA S A, BT 2T
ImageNet 24 82 1 TR ZRAE AL . i 7E XM 2 B IEIT ISR, AT LIRSz A Re
TR AT ZRAERY, y Ho /NS 8 U 55 1 R AR it T S A, BN
V2 N el ) B BEAHE RS )

2.3.3 PyTorch /7480 LogME /)43

PyTorch /& —NH1 Meta HJN T4 BEHIF 72 A A TF AN GES (1 FFIRR 5 2 2] IF
RHESES, B AHARE MBI A THE L sk EHE . A2k BEE &, GPU i
LA S numpy 00 8O R U T4 o X SR T RE AW AN AR R ARt

4 https://pytorch.org/



TAER, A ATTRE NS AR P A BRI ZRIR 5 2 SR . &S5 B2 PyTorch
(I — AN EERRE, RV P TR O T, N R AU . XA
R R R AR B N RS, RERE S USRI AR Y S5 MRSV E . 341, PyTorch
RO T FE K EERAE R A, AR P AT U5 (AT 5 A8 SR R A,
TETA DAY (R ARG I FE . 3R S 2 PyTorch (53 —ANEEIhEE, &l
CAE BT SRR RIBAEE, I H R S BB . RMEEA LHE TS
JRAERE S, ROKTEIA T IR BE 2 IR R (Il ZRid 72 . PyTorch iR H T #EHUL
Wik, F AT DR A d A A AT R, g T A (R AR LA,
PyTorch &4t 7 GPU JiE, W LAYE GPU @ RUs 4T iR E 2= I 1HE, it 7R
WIZRMIRIE . BEEMJE, PyTorch #H JEARIH X BRIR, 4L T VF 2 FlZ
RN ZRIF 24 H AT DUE R8I ARSI 30X Lo, pRoE 6 E AR L 1 AT
PE, 8 T ITKIE, g RN AR . R, PyTorch 7EIR B 5% ) 4
s BTz BRI ) AN AR

Pytorch HE4Zi# 1 torchvision #4L T K EFYIZRBIALS, ACIHET 0.16 fRAH
S RPNERERNE 2.2 B,

% 2-2 torchvision 3Rt 8y K T hpt AL

o AlexNet e ConvNeXt ¢ DenseNet o EfficientNet
o EfficientNetV2 e GooglLeNet e Inception V3 ® MaxVit

e MNASNet ® MobileNet V2 * MobileNet V3 e RegNet

e ResNet ® ResNeXt o ShuffleNet V2 e SqueezeNet
e SwinTransformer * VGG e VisionTransformer o Wide ResNet

N T AR Z BT SRR B ik B A & I TR 8, AR SCR A LogME(Log
Maximum Evidence)/7i%, LogME J&—FhH T i)l Ze i Bk B #2007 7%,
JE R TN ZRAE AR IE AR IS, SO AR, e i —A 2tk 2
SEAFIE SRR R, FEHGETE 2 ORI SR 2 AR AR, s, i TR
I HERESR, An SR S bR 1 B B — AN S G R I SRR, a2 (A —
SER U R E, LB U FUBUN F h— R F R Y, B R
B3 T PO 2578 SRR AT 55 _EARFR R i SR BTk B R B U O, I8 TR

5 https://pytorch.org/vision/0.16/models



FAE R R AR R o SR MR AT S R ROR, IR — AN MR 1R AT
DR O R 0 % ) B SO R R A Y, Gl R AR S KRR R . O 1R
torchvision FHE {12 A T ZRAE AL fiik b 22 _ERURBCRAERT LE, SRR — i
R 77 SOV &AM BUER . LogME AHE AL 753, KR F Tl g 2
EIZREE BT RS BOR B OUBRT 70 (07 AT R B 1 BT B O SRIE AL 55
MBS, B S, HAREF LI, 23, [aH. o PO R A A
J7 T EPUBRIVERER B T IR THE . AU S B i LA SR Sl B
., B, ASCORESR A LogME T TR R LG £ AT [ I BT L 2% > i 72 v 1
TR YNGR 15 535
2.3.4 THBE

IE# 5 2] (Transfer Learning) e H1E2 Y 100 PRA TN 22U, 5Rif— a3
XA AR . BEE LS IR TR BERR R, iR~ 2 B oA 1
THENURL 2 SUR BB T iz — 4 TERE 27 2] 15 1 A TR B0 i iR bR v PR X P
I, 38 SR PR AR R ROR 28 H bR 22 2 PERE, WA ZRde L &
ISR IR G 2 o AERL S AT, 3E A% 5 S A 7 B BRI, el A R 202K
H ARl ATE o HITEAE 55 o B ERE 2>, AT DR K AR A 55 I 2515
) (AR LA 22 W 2% AR o B A A R VA% B AR XN B H At 55 L, AT
AR (I Gt R R TR AL AL BE T 100, A FH T 25 ) A6 AR 2 ] 2% A5
RUAE R B G Bt 2 EBEAT ISR, SR e 8 5 el e A 3 B A 7 ORI LA Y
TR B HbMESS b, W] UIERAS EAF TERE R DL ARYEIERE 22 ) 1907 N A AR 5%
ISR, AT DLRRIERS 22 21 T3 70 Uil 32 B A

(1) ZETHARRIER ] AEIRIUEAN B SR 8], A FFEAR T A H

FOBCE, AT TR EET H Ar A B AOREA,  DAE B 4 sl B H AR

%o

(2) FEFTRFALAIERS S 2] LRI H ARk R AEEAT A8 e, W] DU L
H S A5 A A B U 28 EAT AL AL e, (6B AT IHE [F) - RpALE 2 ] o B AR
el

(3) ZETMAAIERE ¥ 2] [ HIRSUR I R, AR5 AE H AR itk Lt
ATROR, XIE M T H AR USRS 2 RO, AR SR b R I A B



QAT H AR SR AR S5, & L I RHE SR S R 3 AR
(4) FETRAMWITRES ] W2 IE AU H AR S 2 MR R, O
B RPUER R BFMESH, e BT, A7 7ERA ARURRE,
b T LA FG o — A A o 7 38 0 R R S 3 E AR R Y 3 AT 55
AR 55 =P ok 52 M ImageNet 73384 55 B bk AR5 1K 73 AE 55
IER o), B ok e ko B A b e MR BT I I ZRAs 2, i MRS
Y (1 £ FE FOT A% B BAR A 55 Lok
2.3.5 b3S
XT LG 2% 2] (Contrastive Learning) e — PG I B 5% 21 J7v2:, B R8I LA [R5
P2 T 222 S AR AP S 23 20 A6 R 7RIS, IR B8 2 S8 7 B2 K b ic 4udls
IXBEFERS M G5t , Joi B A Sl it B 3 R I H ) 45 8 SRk 1 A I TR RI BE . 38
i LA BN | A AR RN SCA 2 ) 1) 22 S RAR UL, T DA = 31 58 2L A )
B FZ AV BV RRIE R IR o 100, Ko Ll 2 o X 248 R 2 A X 4 SR A 4 M g i
T2 2 BGON 2 [R AR AR A0 22 S, AT AT DURH T B 4SRRI 1R 55 2
Yoo MRAE T BARATVERIANTE, X b A% 23w LAY Ll 32 B2
(1) AR o) X 77 AL A w23 AR, i AR B A A
PRE i i SR S IR AR, X 225 5 07 AR B s ity
PR AR AL B
(2) XS] X s 213 8T 5 S RISl 2 Rl SE R AE, X 43k
[ o S48 22 1] PRI AN ) 22 Ak o
5 A ST L, X EE R ST A TR B S Ay, R B ERRiE X
G BRRAE 2R F) b2 2 S B AT X 4y, RIS 28 5 ] 5 FLYZ AR ) B i, 2
ARSAE R 7
2.3.6 BIEE¥Y)
[ Wi B % ] (Self-Supervised Learning) & —Fl o I B 5 ) 7 vk, HAZ O B2
M T2 4R B SR E R BE S, i B I R AREAE S (proxy task B
pretext task), SRR REAETE A N ThRAE IO 5% ) 26 A 1 Bdls = os e,
XA 2] 77 sURI R T RE W B Hs Hh B 3l A<D hr R, DLIEADLA B 2 2]
FIFREAE B, IRBSEALEAT B YIZR.



FEALSE U, BB A 24 N T MR 3] B AR AT AR A
SEARSS . WA s B s bR R BT 55 R 2 BRI RoR, FTLMEE
N LARERERE N O TSRS g, EESEi. &M
B RE SEAT 55 v AR B B 22 STk H b, AT 22 3] 2158 B A AR A
ML RRAE R R o

55 B S SR KB A AT i I BE R AT R AL ZRAT B, B B 27 )
W3 1 A 32 R 7 Aok ST B R oR, ER KRN LhsEdE. 575
W B 21 S BEAORE T s A By R A A AN AT K AT 5 21, TR AR A8 A L,
I B = >0 A it B s A A R AR 28 A 55 R 2 ST B ) s, AR T e B
S ) N R A AT 4%

H B S SR R | T SCERAEAHESY R GE A U & T 2 NI HT, AT LA
A ROA KB TARE B AT BRI SR, B 10 T R AR s g e

2.4 KEING

FEASTE TR, X SCE AR ORBORBEAT 1 A 41, 30 B Bk ot 2 R A
CRAFTS 18R PA S AR I R B 27 T B0 o R SR ik o B2 480 SRR AR 23 e 4 Ay
AT B P AEARRARZ AT AP IR, R IEN A A SRR BT &
HIEGAE S, Bk 2 ik iidr & K. [, CRAFTS W RERAE AR
BE g, T TR fE, A TIRE IR, A
SR B TR B S STRE SR, DA SR SC A A A PO SR B PP U5 i, B S A
A LRI NOR . EBE] . ] BB A ISR,
N Ji B A 2 I S 06 B E kAt



F=EF FIBFINEG-ROBRI TP EIFRIT A5 3L
3.1 HIBEND

A ZE TR A JF8dE 4 8 HTRUI Batched Dataset®, iZ#0#5 495 5 High
Time Resolution Universe Survey(HTRU)i® K350 H PLA4700 g5 47 18 4 i +1 5070
WET I 2R 858 7, HWlas H B &N 7l Zx SPINN(Straightforward Pulsar
Identification using Neural Networks)7r 2825, HTRU &R I H & — B fLE 5200 /)
MR SO FE TR, 8 3 SR T KR BT R 5 Tl 7t 40 23(CSIRO) ATz
(RIS L B TS G AT O AR o W B 4TS L R A, AAVE FE IR KR8 P
PAHEARIE 64 KIGPEK D48, TEATBRIET B R SO S50, o5 475 8 B A7, R 1
T e A S R SO i 2 — o FLE 2 AbTE FRL & T 2R B s,
15 BRI 4 e 0 R 25 v AN X3 2 P S 2R (g SO O G EAT LI, K g £ T
TR, T 72 48 T AURE B R ke B A B I R B K S A e
2 W R AE W AR LERAT HTRU SRBS Y 13 DR EONL, AR 1% 78
1369MHz BT RIS P, BEAS RSO 7 56 2 400MHzo ikt /2 R 5 2 114
Gt AR SRR, FEIX —ATE A 5 TR RN B, AT A A5 0 s BT BRI 4 R R E — I
FL R B R AR RS 5. ST HTRU &K 5 FAST M Z 9K
CRAFTS i RAE 2 i A AT A FAFAEARA:, % HTRU 8 4642 VP4l
TN ZRRCR  BEAR 2 %

HAKIM &, HTRU1 Batched Dataset 7% 1 60,000 5K R~y 32x32 ) =18 1H
G o 3L R 45T 23 7 AR B0 AN R 1 e R AR AEAS B 3 1 1SR 7K
PR P JE SR U P o TOUAICHR T T AR I e 2 1 1 R R R B A T T
ANTTEER: I 2. 3 05 I ERAE T ATER A A7 B AT 18] A 5 0

FE4HR 60,000 5K &, £ 50,000 sK# k70 NZREE, FlR 10,000 5K FH1E
MRS . BIEE N ILE S 1,194 Mk BAE SRR, LK 58,806 MRSk E(5 5
FEAR o IXEE TR FREAR LI — g L3 50 0 A0 TN 2R AR, B PR DRABE Y
IR FE P vz AL e J AT R 25 SR A Rk o A O b3 L 25 ik 2 AR P

6 https://as595.github.io/HTRU1/



HTRU1 ¥#4E, RERSATROb PPk 2 PN ZR I ZRAR U A8 ik o 22 (o3 1A 70 2R AR
5% ETERE

3.2 WIEMALIE

ATFE#E4SE HTRU1 Batched Dataset 52 CIFAR-10 R4 /5 %, A numpy %1
B AT IR, XMk AR TR ER], RVFEEMA numpy FE#ET
BRI R SR BGR R . N T BEAE LogME J5 92 it i 43 T ImageNet T
IGRBA b e RS AT VPAl 75 B0t SR A B SR AT 45 i R TR B, i
W B N LR
G, A A R B Sk B VR DDA G AR AR A AN
[Al-FRALAE B o X EeAE B A B AE A 28— SR =l IE, XN Ak 2
ARk AR B O A T SEPLX — H AR, BT AN A IR SR, 1%
F4k7K H PyTorch HEZEH) Dataset 2. BT H 52 SCEHE A A BE 05 HR 48 51 b 75
SRR IS E SCEHRSE MR 7 2 FALEE A5 5 DA R B 5 SRS, IS R A DR A
4 5 PyTorch J5 A& (140 N4 1A —DataLoader /2065 . 3l i 1 i AL 1)
B AR T B AL B, 7853 FI A T PyTorch #2 ¥+ & DhRefl LA,
PR AR T T AR A HE . ALY SRR (0%
FEHTHRIRBRE S, RIEAN R —RER 2 H 32x32 GRMH
JBIE K G, X FER G SN AFF A 2 T ImageNet TR ZRE AL R4 223K
NI, 5B PyTorch N HJ transforms AHUN X UL EIHEAT T LA — R A1 46
(1) HEY . ARG ) O TE B R O = IE TE B . R ERAE R
EEMREL(R). 2X(G). WMB)=/"liE F#HTELEWE, B RI#E. G
TBIE A B G A e M, 5T R i MG R A . Xk
FSEIL T MK EE G B B A AR, 3 /2 T ImageNet Till B0
ESGBELPNINES
(2) ReFiA%EE: B EIE I3 PR H 32x32 (B RIS 224x224 5 K. XK
R T AR EL G I G RST 55T ImageNet TSR AR HES N
JRF(3x224x224)FHIC L, CRASL REAE IR F2 05 H: Kb P IX e 44

(3) KA. A UG EIE R s hhds SNy PyTorch sRERAY . X Fh
A 45 PG A AT A E BRI PyTorch S 10 4% 255K /12 5 R B0dk AT




THEL, RO 5 1 el A 3 1) RS PE AN AR

(4) PRAEA: X UG HEAT VA — A AL B, RS S %3838 (115 A Uk 2 TmageNet
HAREAR LR FIME, BRI AR HEZE o X — bk D IRA B T H B
AN TR] PG 1) ) o B RS B B2 22 7, A FAR B2 )5 O 8 5 ImageNet Tl 5
B AE Y o R vb B B4 DR RF — SO e v hRe 1, DT i v 5 2 %)
HTRU1 4k 8 1 38 B A

I IR — R E SR PAL B R, JEAR Y HTRUL £ 5 o4k

&

NTF & ImageNet I ZrAR R4 N ZER (B B 48

3.3 1RBUEEF

AP HIE TR You S5 NS ) LogME J5 K PP AG I 23S 7R 7 Jik
MEPBMESS PHIFER . LogME /Ey—M 5 [TAHR PRI 2R B E A4 R
FT-B BAERMWBEAAERE NS5 AR I, To /5 2EAT SRR AR S 25,
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