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1. 31F

HHEMZ LA R 1950 Fa9i0 5 P 3E T B R X648, HATANE, &K
RALEGGASS, WwRMEFA S HLG R BENAERAE, ALE R EEZHF
TIRA], fa—u £ BT AR+ 2018 W &,

B 2006 SFAR, REFINBEIAMSALPLZOALIFRERABERTR, A
KT B T ok S gAYk, % Google. Facebook. Amazon &L E &
N, MK ik TRE S D it AfE & BERA . EFRA. AMER
M. IR F BAAIK, LHARZ toCHLIRMANR, RAEF ) TR ZEA.

BB ERERERE, REFI RARER LATIFRARIRTFT 2 E a8t
B, {2FE B EALF LA RKGIEEA,

1.1 FEFI

2006 F, ALEF JAAKMALF, MERZH L KFH Hinton KX, £
(Science) E#)—EF LI T B T IREF ] 69 #. 5949 DeepMind #HARE
% 5] ( Deep learning) #=3&4t.% 3] ( Reinforcement learning ) #9444k, DeepMind
& 9 AlphaGo, i T353R0 3] Foif B ARAYZE WA MLt 4, £ BHAUR T
KB T RALGKT. EHE KIIEA 2000 F 4R, ARER ExTFas,
B IIAAIE ILEFo ) AT 77 T ek, BE R BHA LA 6.

R ) R—FRIBERNG A S ERRIMNEF ] Hik. MERHL, 3%
RADRBYEFHEZNSELR (&, 1K) FEE. Bk, RKEF 4% 24
PR AFIEAIFAE, RN, b TR ER. AHIRS, REF S 9%t KAARES
FIATF I R, el AR, BT FHFAETH R AR, T AL KB 4435
84 Fmh b BRAFARIG 04 3 5 AR

R RRAGFE AT VAR A R — A E Gk F g3 A2, MRE—ANA RSB H R
FHAKRELSFTAHAHNER, MNEFARERHRE AL RA X EF L
(MDP) , BFX—RAEFZEOALTHAMMAG A LZE, RELEKRETS, A
BREAEEHRARBEEE, SIRARTAET AR, TRALF DL RARM, ik
FATARTTARA L RA K R, ERBMFI T, D RAFERIRZESTETI
MG IR HATIAE , R DLILM B 69K S A B0 Bk BT R PTE 2045 AR,
JUF P A 3% A0 5 5] Bl RRARET vASE{L A MDP B, R4 B 69,23k F ot b 8k
84 150 3R % S H P A RAR

REF A TOAEB EATE AR M ATZE WY, fRRRS EIREA., Flie: B
%3k, ABIRA, ETEERESRANFSF. RRLFI Nt —FRBELF
3, HdwiER, AR F ], ARER, FRAKRL, HILF, KAET
BRBIET ER#tH. 2019 %, OpenAl 89 GPT2 A % —A¥H it 10 1A 5%
#9AERL; 2020 4, GPT3 MUEE Al 4R, A 175010/ 54k; 2021 4, 43K Switch
Transformer A (1.6 F1L5%) AT BRARIRDNEER" (1.75 FALAL ) R
HRTACAENAE, Kk, RAEEZTHEYNGNAR T T EE4% 438K, o OpenAl
#) GPT4 ( ChatGPT -2 GPT3.5) .

MLA S A Fe i TR AR, IR F IR HRAIF RN, TR, MA#H
JB6g Al KR E AL AR KARAL, 455 R4 NLP AR, 122, M)A kAL K a9
A RPEK, AT Google K EFH Fal B EAER Al HFREABEARBTWX
[& 75
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(1) £ XKBAETZXEE, 28 HE SR OH ZBERURT, BrAF
B ATLARMRBIRIMFER T EXRT R, EHRHAFRIRL. SR EHE LY
H 2y kB RAEIR,

g, Bk, B, MARA A =B 545, Hd, HIESTHEEEANRARE
REE: VREFIHSH A, AT BELAIDERRIEGER, §21EH
KEHBHATER N %, NEER LB gEGMESE., ALK ERENLGHE
%, ML ERBLEAA R, 25 Al A%y 5, BRAREFLLE. WBIN%H
BAA, BRERELFER, BN ENGIT, EEAMAIEGTE FLiTT
80%4) TAF AR R &I 4aE. TR ZAA, RIXETH THEZN
WNAFBE G RALAL ., B TFEE2EL. THSFRE, RS THIHATELE
RE, AAEEUKFRIFKNIFEHRE, REEALAGZTRAXTELERER
M, AR R EOHIERLEFRATABINEF . Ak, BRMEIEEETA
IREERMHTLERE LTS, W RSB F, REFUHEERTH
H, RBHFIBELTHREE TL, EEHIHTLE, BRHABZOHIE, A
Y Lk b 376 kAR R, MRk & e A xR EIFREAE,

(2) ik E: AR ROBER T ZRAARME . AHT RS LHEER, Switch
Transformer ¥ /& #9 Google H| FAFF £ 7 —#F 7 ik, T vAHHA> Token & 3 ik T AZ A &
F &, AR TR E b ASECE RA A 1/30 $9EEA Bk 66%. #%EKIF K T DeepSpeed
B, STIATR A, R EA R, FriBiLfE CPU Am GPU Z 18] X HE SRR Y T A
A3,

(3) #6R: DR KRG MELHIRETH R, 2019 FH—RALLIN, £ 8 4
Nvidia P100 GPU L9 % —A~ 2 12 5 4% Transformer A28, JU-F-Fo— 47538 14, % 50, 2 5F
R TS . FAFT— R AR EXLEE, 4o Cerebras #9 WSE-2 o 53K
#49 TPU, T A Bh T ik s HEaK.

(4) ZA4F: RROEBEFHRETRASFHER, m P AEHRE, foh 5.
FrvA, 2022 4 KiE 2 AR AN TIAAHAER H £, BT FACH AR E 2 x
FRE AR

1.2. EAERFET)

REFIAEISALEGRAS T ERGIEHER, 2R, LLGEE5RAN
B, —AUER, ALFRARM K ZOHIBERTER D%, 2XFkTEEMRE
MAFSE . FHRAFEIRER, FBARALESBBEIRE"FEM., REFIZAT
K&, Bt % BEM AL LI dh FHA L/, FIEA L LA R HALT. ™
stFARRG, HERE—RARARLE, REZAVEHIBEHEARTF, FIAFIE
I R AR T AT 2L F) A, T ARAERR—R =488, BPEEH T
4R R R, Flb SR R, H B3 BT R, XA A E R, DUE
JE 5 AR YA TR AR R RAK, AR @aTia A FIEAR AR A58 it 5]
g g T A, Bk, “EAFRFT " HAEMBRFEF I IR, BFTIRM K
SABB AL BT A RFE T

FBIXIANA: HREHIE LA ST, 22 ERL, FlE. EHFEHRRY
WERRAGTF, KARKEXIETH, NIEFIFELERY Al T /KR
#. tAn ¥4 KF 3] (One-shot Learning) . N A% 3] (Few-shot Learning) . #
K BB XF 3 (Self-supervised Learning) . /Ei%38 & X% 3 (Meta RL) &, it
Landing Al #9 TN, £ R X T BB AAR, CIFELEHLE Meta RL KAk Fo )
WA, B, BATE Al CRRE TR ZHREF L, (a8 F AT AR
IR, AHRABEN T, —NE—OAIFRALT AN P RBIR
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4%, fafEhlgk g, éA%erT% FEE2 R T AR, DEIEGATE AL
— R BERGEAR, CHEERALE 4L 2108 K4,

d

FAEARRFHIR, B R ELHEMFH Yoshua Bengio ARH: HEiTHILTHFE, A
IHBBRFTIRANSEY, AR L &, BALFREMRL, RNEE EIFhE
FRAX/£FE, HiZit I —ROALE 4L 2GR IRAMNIA 236, KA1 T S £ 7
AEMBZ R R E, IR ERBAALR Sl 04 7 XIBEFAAN] E M
2. B, SeMBBAEFINZRET", FERTAHELLEML, EMTAL
H Z AR 7 Kok B fe R L%%A*%ﬁ%,A%WM&ﬁﬁﬁﬁ%%%i,
CITH A —F 5 BRI, BB AN EFTIRE, ZFEENBRE T A,

Meta Al FF R & & F4F Joelle Pineau A : LFHRE IERTES] Faddie 53] Al
BER, BAHACHEBEAIEREBHRENIF/ TS, HARRERGFELR, Fliok
B) OpenAl #= Meta. WebGPT #= BlenderBot 2.0 #) & #7353 2R, CAIT AL N £
AR B PR RITEE. BATRS K A A MAEE TR, #BT
MstiR R, R, RAASEE, KA EETRERN T LRREROATHE R,
EEMNFLBZEALIFRAOEDTALTE, HEZLFhE TAZ BRI F
*.

FBHBKRFHENAFRAIARAFEAABZHERG R WA RFKIBEHGARLY
¥, AHBAFERAEKR, IAHHFELT, WAEBERZHA, HEMEHFHAT
FRE T, BRI FAFHIRS, ARG EZ MR P AR, ok dBIR, &
%w%%%%%%zQM%WALﬁ BESKY, B, AERER, FBEFI LM
ﬂék&% T 2231 % 3 )| % B 84 4R SARME E A B A 69 AR, XS BT ALY

IMERG. PMERFIRET —HEMEN I 5L, T3 A N3] £ 438
%‘w‘ Y ATUIRALREFTAEA T 4809 0 H7 IR 5.

HRRFORERAD: REARMNENL, P ERHT REE (LRL

) RHIE, QMBS ELHLTY kéﬁi% T ) 5k R EE A B AL KT 89 zﬂc

A1) . MAERNRTTABATIEE G, REZANEIE. MERTFT, REAFE
+IRID A R TARAT T R A, L AALBER—R =4, tdoit 9%
BRAL, AZEEEZRA S KA, sholxt SR 5 SR, SRR, A
Fx. BABIBFEAELT LT PTA AR A #ITREN %, TRRETA
o BEAFAER B SHRIAE A MR A kL, ER AL R, REZMARV TR
K REY, TR i wd E L, FREBRS 4B, X BALRH
89Ee ), PP TAFAE IR+ AR, DEIEGF I, (L EAHNFE
&, HTI %3%)

AR S 45 Al AR Ko e B £ AL fefe Al 2 24009 2R HRIRE] T AR
F37, N BERFINEEFARRA 2FME, EEZAZML G ERERZT, 1k
oo NHERF ] EG—FF D Fk-Net }ifr%- 3 ( Bayesian Program Learning,
BPL) , RAIRN A LA, B IHAEERFEENA, it B Eky
ﬁaﬁﬁﬁ%&ﬂﬁ%%%%ﬁ%i%%%ié%+%%7%$ﬁgﬁ BPL ik
BT A E R NK, T ANLR B AN AR AR B TR R 4938 m SR Y, H
A%8 B 3R AR — IR IR A e P B, AR ) B A T AR R ARG, £FAE
BRA TR EZAT, 53 7 ik e R AL AR R B ARSI R £ 697k — ik
. &IHF K F#I% Zoubin Ghahramani A BPL 3T A LA 4. AZn At LB 53] 2
—AEKFTHK. M Geoffrey Hinton ¥ 2 7 BPL AZR @ iTAH B X MK eg &L, A
%Bmﬁ%$ﬁ$%3ﬁ%&17ﬁ H ARG — A5 o T A 09 438 A

CVPR 2R it A I AR R A TR RS S L, B ML %02 B ARtem 5 o
£, IR PHERFE I FAMKIES ., £ 2020 F 92 LA HE T = 2020 F
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B it Ak

PR R X, S ARF A0 B F4ENE R340 X0 LHTHE S T
AR, BT RERE,

B 1: CVPR 2020 & &%t

CVPR2020 e XX A& S

-
)
o
o

300 400 500 600 700 800

FHARIB: &%, GitHub, HTI
1.3, NEEAFE T AR & Al T B AR

ARAE 2020 4F Gartner AL H 4R BIRE, RA 53% 49 Al Fik R A R ALK I3
2 X EEE B ORE AR, 2020 45, TAEHERMAREEE TRF, ALEE>~
A &) 7 Bk B Ak P K e AR A T — AR, A FRIE 90% e A T E fE a5 T 5 4K
A, PE Al Z 4P 90% A e db ik T AR R

1R AR STV EA TR G B it A2 F AR R R 3t K 3 %303 694k
B, Tl TR T RIBAFEN TS, A %460 R AF B P EEIK. B ATAR
ML) L RALIFRE NS 4t NERFE I FEAR A, ot 1STEP.AI 2T VALE
SMP IHERF J R Y, st TFEAFRGFILT, MBI XKREEIRS 83.4%4)
EAHE,

BE—RALIBRNNRATEAZWLE ), T2AXRNNRATHAAPLE
K. Bk, BAFRERTHERF &, R RT3 AR AR 2 438 )
A, BT AR 5t B 692K, ATA e8] 7T vAde a3 A AR Bk
kAR P RE L, LT ATIEREMGEIE.

BAT, AT 3853 AT RN R %% AR R F S8 Fo 03 A 4)
RB RN SATIR. odo: BIRTEEFTE, AALLEFTLE R, LEEBRE
RABRBEMRRF PR REERF T @EK; F4£2020F, §HCT4
REKEFA, EHRAIFRKASLTAATRRERABLE A KEZA. %—
KA G R Fok e QAT g, LR AR fLliE. Al A ik AR, %
T Al FFAEI R GRS,

JEBE PR
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B 2: ABF ) RART
The Spectrum of Machine Learning

Cost: delay, dollars, manpower

Low cost High cost>

' Semi '
Unsupervised | |earning From Few Shot Supervised Supervised

Leaming Noisy Labels Learning Learning Learning

FAHk R Jiebo Luo, University of Rochester ; HTI

MBS TAE S, NAHERZE TGN LR, 25 HAR Al Bk E ey A4
A&, (REHEFILEE FHRBIEBLIT >N T E, B EEX. )

14. 7 EF I 5 PMERFE I (EZSRE A
Yo B B et R, EEES) (D) AR AT Z e e A (K

BB AR ATl ZARAS ) 5 T ARG SRR R AL RS B R e R AL (D F
AR RARR) . REF D LRSI FTRR AL, wFRE )N LG5 —

R . FAe K FIRE FIAH AT REIE G AT 2 ML & RIFKHIR, 2
AT A

Yh, NEYREAEBVZNLYL, REBMIE 575, wRAE L mHARR
8 T RKEENE, CHETUARIRABHALG KT, 12€ B AT495 XL IZ/F 48
HI GEXIEMAAESRAENPAR) , RRFESZEAERE—AOE. “Ho—A
T, REEARANE W% B A ik LIELGIER, CIULRIEHR T B RA—A B
ER—ANFT, TACER KRGS T, FHFE, IENETRNRATR
FER#Y, EEBMRIALGKE, REZFELERATENLLE R LELEANE
XEfFEE S, CREAF. TE, EREARE. . (ChatGPT # & A T 4E47
B HHE T 3 A NLP AR A5 LR AR AL 7 69 AR )

EKR, ERAFTR ot 5B B, RBH ZEGREE, BALKEEAN
TR wA T LB L ERIEARG KT, B2REFTEGKEKE, HIREF
AR, AL, ZELKKBNAGT KEEALE 486 A Fatl AT L6 K
K. B9, TR RIFEZE, LECHATHELR. HFtrE, ERFELL—RE
Xy ITA2, HEEITLERGHEALSL.

RE, REABMMENERE N AHiE ML, wib 25, AT —AHF
KB, CHPTH EERMOB TR OEHBLERE, #aEH, NEET—NEE
MR AT, AR sk A A T, BRGNS A: LiRHA, &7
FIAK ., MAERZZFG, AEABZTHRBTILBIG, REE A BRI —/
FO RN, MEAEA—ANEYRE AT RA R, EX—E L, AXME T4
WAIAE, REZRK.

H, REABANZMETA L — LA, o 2R, REREER,
Mgt REAMF, METIARK, RRTHEN. FEARE, LELATAX
R AERTAIEI W DA IR F ) kR AL E RILE AL KA

&t REFARNEF ALY —MREZNWLES, ERZEH5EREF
JHBART ERG R, M DHEREINGALT, EHBTE Y ®FUHRL
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T TARFHRBFELFR, REF I PERFIERROES LERFE, £
AR ) AR BSR A E ) LR A — ek e 8, B AR BHEAKF I Foik
RagidAz, A AERIA LA 49 HARRT

B 3: EF)RH

#EpMmELY — EE%Y — QI #HZ2%y

A kR Weiran Huang, A FELF A EZRT HEMTR; FERXFRIIZEHMTIE; HTI

2. AR NDHFEARFS] (Few-Shot Learning, FSL) ?

GRRANEF TN, RFBFBFABEKRFFAF O XGHFTAR L 2020 F
BB — I, MBFIHELL: — AN EIARFTUNEEE E P53 -8k
FEES T RS PRE M, BIEETPOEST LRSS E. #—F,
AFJHTL: RIE—FNEFIFE (BE TRPHAL), EFERGLPHAY
BAZEHARAEG], @ T A BAFERES. MRk A, —MES (T) 24
A Y ARG ILT AR — DA R, T EVARFEA E #7535, E 8
WA WEAT ST LA, tdo b2, XA A R F A A ALT B
R MR (P) #9i8id R AT PR BB AR T ZHE A Ay, Ak A
A S W IMIMAAAFAE G AR, B Rk, AT I L TR AR TR
AN % — MM RBIFORAE G T ixb e, R—FHRF @, X ELaiE
SHFE ] F k.

AE T A EAATIRATAR R 69 %012 5 ] B 3T BT AR IR MR e it A2, ARV 69 4F
A FEAFENFARIRGG 40iR, I AR ARAE F 5] E 2R MR T L7 0 5IBAE A
I AHERGERRS (BRI BRROMNEFE I —AF4in, IR ELEE
124) . PERF I HEARFIFARN T XA L L., Can TREFFTE, 2
R E i A BT IR SRR R, AEF AR T FRE AR R 69 4eineh g,
M bk 64 2 T AR IR S iR AT F )

B F I hRMEIE T F 3], AFAET RAE S0 RIA RS, MHEAFEI R
EAARBEEHIBONEF ). R0, Ieapss 53] 2 LR ENEF )2
SCHg Hah B B RR EG PR AT A k. Blde, BUEFIRBHEESTE. B
. HRE . BEVHRIELEF;, LbheX BEF ) RRAL Y SARERKER
KEAEARZEIE LF T, 455 R RHIE L F 5] 04 n 4 2 538 K 2 6917
%k

Btikit, PHERFIAMEL TR AEBRRKRGER AGI. BAT, MBEF
IRETEGITAAANZ L, EEREHIFEFRFIBNBATEGHER, AKX
AR B RR TiAge, DERFEILFTAMERAANTF, OLIEHEHLEMMLR
EsEMpb, FHE RN, MTORTRE, BRGFES], L HFDRGHRIRER ¢
R, ik AAERRRE R 2GR, FABRITF TN &R, (2R 4
BRAepA, —RAEKLE, PIAEZFAEE., ENEF I ZEH MR INZER
M, fanXE@mZ2ERN L83 )IN%ER0A % VHARRKAY, wRINGHER
RARY AR SIE, 2E E HRD, RAFHOLATRAE RTE. b
8 R e ZIAS AR AR 3] 0 5, B 2R R SRS ) Bkl gk, A
EHEANBERF G, BERFEA A AR R K.
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3. WERFEIJHHEIER

AR —F 4 A “Learning from Very Few Samples: A Survey” 4985 (454 Jiang Lu,
Pinghua Gong, Jieping Ye, Fellow, IEEE, Jianwei Zhang, Member, IEEE #= Changshui Zhang,
Fellow, IEEE) , AT AR 3 69 IiR dbid A2 #AT & 4%,

MUEE 5 3] 6 — R RAE A A SR AT B & 8D R AR B 3] 9 G AE R AT R R K
FEHATTN, ERXRZHELT, BER G248 D B LBV %EKRKIE, R
W, EFSZIERAT, bFRAKGFURY 8T I %5838, 4ein 3 U RE L
i, fmd FENGHA M, THRRF VK EBGE ), Xk F 2 MR D 645
FhFIJEHE LA T EGMiller FAMEE. 2000 F, MARIK T HF T84
EFRE, FRETHREEE, ENRXKFERGLESF T LG R LS T EEA
—H., BB, MEME AT T FSLWAR.

FSL A 50 09 R it #2 K BT o A AAMNEL, dEIRZ M (2000 4% 2015 4 ) A=
EEME (2015 A2 E) . 27K% £ G.Koch F AL 2015 45| NIFEZ 5 5 4= FSL
BIRLE G R L. JEMZAT, ATRT FSL FIAIR L PTA Rk AL TARREF
AFk., RERELGTIERE FSL FEAATFARER, FRAELZUEH (1
m—AK) R ILTETEREESSA P (X Y) XEHSA P (XY) , E4L VL
B AR L, Aot 5 R84 A BT XA AR AT TN . AT A RAEA 49 FSL 5
FERIUANERME, 3% EGMiller FAMNE XA E, LFei Fei FAMNET 5 NrHATE
%2 (VBF) A& B.M.Lake FAM Mot #4245 %3 (BPL) . B X H ik RFFR A ITMAIR
VAR AR F 5] 69 T4 45 A; VBF £ [ 8 “one-shot learning”iX — Ri& 89 5§ — /A8
S fm BPL M AAAALG SRS, WMAAFHERLZFBE., EIEFEN
B, FSLAFRtEZIE.

ME R LS S ENE R, HAHZ CNN (BARAWE M%) AT S LRG0
EXARS, £% FSL AIREZ 4% B AR EAER M6 R EARER . 2015 4,
G.Koch HFAFRIGEEF AN FSL PIAMMEFEY, BB TEATFEAERNL
CNN ( Siamese CNN ) , 3t & &F 89 45 45) 34T A8 % £ 3| 69 AR & % 3] ( Metric
learning) , XAREH FSL #TBTARG9 48, BPIREMIK. X5, FSL A AIRA T
R EAD 12 W A AR T Ao B SR AR AR AL @ A, NS TRE A B MR FSL
B, QIEHIEIEER. BEFIANFEIF, H FSL ARG ik LRI .
FEREWNBRRE R — e K T A AR 6 77 ik, v R 400+ FF0IR 5 A AR
A, R TForEBRNGSLT EE5T ISLAIRMARE. 45k, AT AZEEATL
38 FSL ik, 4 OVinyals A EEMZ . CFinn A4 MAML. S.Ravi #=
H.Larochelle #7L% 3 LSTM. a.Santoro % A%) MANN. T.Munkhdalai #= H.Yu #)
MetaNet. J.Snell A4 BAE M. F.Song #= H.Li F A4 LGM Nets &5, TF 3] %
CR A FSL&Y iR, XA H, &FFskibed FSL ik Coak A48 0 B R ik, vAfgak
FEIAGE . ARIEZAE. FRAES. KEIT. PBAFARGESF LA,
7S FSLAn % 4225 FSL L 2 1 3L,

BB RHL, FSL 893F B LIAE T AR E M BCEIR BB a9 46 20, A& AR A

Fam RABRZ 0 ARG HEN L, ARZETF)GAHE %, BEl, 5 FSL A%
AT R EZFE RINEHFSZTRAFT, Rl THEF T ARG 2R IE,
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B 4 AT 65K
d%w P g #Tp P =,
\ Year

Non-deep Period F Deep Period

Congealing VBF BPL
(E G Millreta-00) (L Fei-Feiet a-03,04,06) Generative Model (BM Lakeetat111213,15) |
gy gy gy R _l ______ \ ______ P ppppppp——— a
PR - | ‘Siamese Nets 'Matching Nets "MAML (C. Finn et a-17)
Discriminative Model I (6. Kochetak15) (0. Vinyals eta-1§) Prototypical Nets [J. Snefl eta-17)

Tmitation Learning
Robot manipulation  Locomotion
H . Audio Recognition Keyword Spotting
Reinforcement Learnin:
9 Audio & Speech

Policy. L“V'E:‘QROh?a[l:flar s MDPs
< Visual Navigation - Text-to-Speech human-fall detectio
Data Regression “Image Classification =
Data Analysis fmage Segmentation  Object Detection Text Classification
Anomaly/Error
i

# Image Generation  Image Retrieval Jiord Represaniation Learning

Detection A on Scens Cagh Pracicson / Image Machine Translation
. Captioning|  Named Entity Recagnition
piioning
frug Discaves Loclization  Computer Vision Natural Language

Disease Prediction\| Gaze/Depeh Estimation  SeMEntic Indexing | yigyg) Processing
Other Fields Y Fine-grained Recognition ~ Object Tracking| Question Information Extraction
Persan Re-identifcation Video Generation'\ >0 /. Nature Language Gensration
Video Retargeting  Video Prediction Dialogue System

Video Object Segmentation '}(’n‘:\‘fe"d;fg::':h: i
Video Datection --- g

Learn-to-Finetune

Learn-to-Parameterize

R t = .
.7 | Semi-supervised F5L| |Llnsupervisiﬂ FSL N

. Other Approaches

Ao Learn-to-Adjust
. 1 AN

o ‘Cmss-domain FSLl ‘ Generalized FSL | ‘ Multimodal FSL | . Learn-to-Remember

Biometrical recognition

Precision Agricultura
Internet Security

Pk kR 8 “Learning from Very Few Samples: A Survey”, HTI

4, NERF I FIEAR

ARIE— 2022 4 5 A K &9 4% A “A Comprehensive Survey of Few-shot Learning:
Evolution, Applications, Challenges, and Opportunities” 9 #& X ( »A T fa # “A
Comprehensive Survey” ) (4% Yisheng Song, Ting Wang, Subrota K Mondal, Jyoti
PrakashSahoo) , FSL % 3] ik T KBS ARBREF I SBEESFIF, $BELF
SIS —F o AR R, I F )T, TBME THARGE L4 H
EHBAGARE ERAKIR, FHEXF T LELARFRGEEZER, REAR
HEAR, FIEA ALIRA,

FSL 69 248 THAA IR TR 2 IR 530 A, &4 RATH T MER
M A IERFAER R AT BREIFE R ERIFCHEIERYT RS IFELE. AAY
IE ERREHFAE L R FAERIX, FFd i A T4 2 9N X A 25 3] 6944 &L
XK FZIFSLF )32, FRSLENAFEHNBXEZN, KRERERT ‘=24
SR GIT B, LA b, ARIEFTE SRt AR, K RSLayAWAE
V&
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A5 MHEREIGTRER
Multimodal Learning
Complementary Leaming
With Limited Information
Degree of ~— Single-modal
integration of Learning
knowledge
FoH kB # X “A Comprehensive Survey”, HTI

4.1 ¥IE¥iE

FEFERE FSL AR5, X BFAEia4a8 58 F 0 T RA. KERAFARE RA
T B R4, H T RRRXAE M, IR RBAD LR AN FE, L3 FSL
CRERE G A, R, FSL SIE3E IR 69458 9] T 38 7% 69 S4B & do AT iR 45 A 43R
oA, ATHBEBEAZETAZTELA FTAMES T, FSL KB ETHAHA
Th AN Fe 35 5] FAB AL FE,

4.1.1 A T H 0

AL ZH AN E R+ Ry % Ldein, A REMERRA Bouthillier F AR
& 8 R FEMAET ROR P FAME FRFE, RAERBEMRE G94EH k. XMBAEL 05
FSL 6 FAUIRIR AL LS. R M, 8 3f de 2 — A A8 ] £ AT AL 7 i
Bt MU,

BB %

&%ﬁ@%i&iﬂ%A&%%%ﬁ,ﬂ%mktﬁﬁﬁaﬁﬁﬁ%%&%ﬁ
KA $38, vAZIAER SN 0) S AR, FANIRIR Ao AR 3T 2 22 s o Fok,
&MKE&&&E%@%,Mﬁﬁ%ﬁi%z%iogﬁf%ﬁ&m%k%ﬁ%%
BEEAIF. £ FSL ¥, ZEAX—5FRESH. AR, CSEl INEZH I 438
&, BARNBEREREAEZELHOIBFETHORISRESRIK, LAWK IR
VEN A3 BRI L. FTT @it at — b Bhad 4630 09 B BEAT R 3G R 3 5 238
£, Jo REl O REAARBEE, Z Chen FARE T —H32 258 52 B0 7%, IEH
% 2 &AL, EIRE 2B XA 8. B GNN(BHAYZ 4 )2 [

REZFORAZ, BFiat R 2ERAN B R eSS —F., Z5 B ETM

JBIBEIRR
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EoENENLT EFRARRGER, o), @i AINETF XK EWRFLREE
ATANL, RERZ—NEIEERG TG, RE, SRERAARENMAAARILEZY
HEARAT, AdarGCN SEILA L EE P F R F INIREIE, HAHERR ERE, LEH
IR SIEIG IR, 2 LT, HIBROIBGEMNE TR BRI RMAEE A REK
WK T, ATHIERY I EHIEEER G 0T

A6 BELHEEF X

AdarGCN

FTT

Image Deformation
CSEI

FAt kR %X “A Comprehensive Survey”, HTI
i ATFHBEKRTFOFSLEBEY AL OB EHRNHBERE. INEF. 2FEHFMANBIAALS.

AL B 7%

JE FSL P, AFIERIGIRICAABERIG IR FA K. HAEBIE R T 2R LA E Ak
SR /G ETE T, S RAIBEEIET K E L. Gao FAY
FARET VHERKEBET EOBENA, FRE T —Fstuitth 7 £385% W 4R IR
FSL 49 B Ftt. Chu HFAGKB i+ FEANANT 094 iE k7, mAREANABE. HA04h
Td RNN #3, BEOGFES—F ks, ZEAXLFRERTHEGEIZENE
Al Zhang HFAMA —/ A IR SAFIEF 3], FB AR TR AT 9 AR
TARIE IR A ZANE S, RBRBERIL . BT F AN F B E 35 M7 6950 4%
AE, EMH, laso KET HE TN F REIHFEEZ QL ST, BRIESHIX
Fo LAMNRLLS AR 4 ARE, TOMEE R ASFIEAS LR AT 8k B £ A K ey K43
B, WA BB XBFERITI G, TUARERSDHRAG )L,

B7: ATHEELGYES &

k. % _gf High-dimensional

Global Features g vectors

i =
afE R

Prospects Feature

). ,/\)'

Local Features ;L» Bacground Feature \
N N )

FHA R R &L “A Comprehensive Survey”, HTI

E: A THAER A BAEIE R LR B IERBIFIE. 2R ERETEABY, CEMFATF. mAIHE
RAEAFMIKIE T AR T 09 AL S
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412 AShFIHELE

2018 4, MAETFE ik, FIEGIRIEANT A ERGAR. B AFT L
HAGSIRIL IR ik bk A, BT XKERF R ARE. HuF A ZE] DARTS Fikk)
BE, VR R RA SANTRYE, BENTRBIRERRE G FSL E5H —Z4)ik
BFE, BRTATFHMENTEIN, F—FF7EREATFARNFTE. L FARE T
TP AL 0P 44-AFHN, R 089 % A Fa PR 4 AE 2 L TV 2894704 K. Chen
FANRBA NG —ATLF ) learner, FAER—/AWE%, #iTghb—st B MR35 %
JABZ A FF . MetaGAN e bkl E 5| N T — AN FAE 55 69 3t dut A&
%, WE) FSL RS AETRR R AW RTY RegRFAF. Wi, Wk LBFHELEF
KAk NI TESEFELAEEL, MADRBERTFESF I EFHSH
B, XH5EATFEEORNTAANETERE.

A8 AsFIHBRENTEF X

Differential Search

. Contrast Generator
Original . J ; Augmented

[ Auto Encoder

AR IR #£3“A Comprehensive Survey”, HTI
E R XBBREGAGRESMES T F I —AFBA RS, AR A RERFEGES, HATZHIA
o, B R KR AT A

AT RRBEHAIEAE FSL A5 F A ZHIBEGH»H, $IBEIEROERA LS TH
MR BEE] B BhF 3 9 FIBE LI, 5 7K% % 2018 4703 3] b ax k.

42 %% 3

ﬁ%??mﬁ%&ﬁﬂ&ﬁ%?%%ﬁr ey Ar, FIAFRA T A FSL R
AV HEZEAATCAARN A, B4R T A R FSL ARAEH K P AR E AL F
=) é’ﬁf B, KRR R HEE ERATT %, ﬂ)‘/ﬁ’ziﬂ&éﬁ FHELE
HATHOR . BRI A B AT AR EFERT, 40l 4545 69 BR ILERAK, X APIE BRI
BA OFSL R T H PR, & FSL F, E45 3T KB ARG -BEA AN
B, HARAELN K (base-line) .
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Feature
Extractor

Metric Learning

—>| Task

I Base-line | Meta-learning [0 Metric Learning [l Knowledge distillation

FAHE R &3 “A Comprehensive Survey”, HTI

4.2 1T Sk A=A

R SR B E, ARES BB RER. MEHER AR SF
T AR 0942 . 2012 4% 2018 1], At AT Fe B KRBT R IEASE
NT RBRFHHRARE, 42 MobileNet . ResNet . ELMO . GPT #= BERT ¥ 5.

oA A AR T 69 AR SRAF AR AR KAZ L LR E2 FSL 3B 09 E ), 455123
T UHRBGE L. EATRINGAER, F 2R I3 KA LS ALY 1E
S P RBAeR4IR. REILOBE LT —ANEA RS BN EZ TR, Ly ek
BRRAYZ AR A NS, BRI AR — A, RN ST R 64
BT, SESFIEE BIRAFT 2T B ARE ARG 05 69 H #E XA &, TRVl %/ 2
BB, TR % K3 BS A4, EMXNER EHrkELAK. F5 AR
00, HAKAERAR, HGAT AN Sway-1shot 14 (5 ANER, LR 1 M4E
5]) EFAFEIRD 2%7%. MINGAHAR B TIRE FSL 69 M, XL H
RIBZHIZ P ALREDL, BT ARAZ|RAEFGAF I RFRBEFIERTY, L
RACAER BB, BATCARS 2 oA TS R R T AT EXREN A g 3h & 2% 8 F
Ve S

422 BB HAES)

ERBF B —ABERE IO, EF S EREAT, ARSI ESF
7 Kb 3538 EH RIS, e RFIATIRIE FSL 6938 A B A k. KAk, FSL# A
8 R EHIE G AT R LM A O ARG ARG P AL, 3 BAER AT AL
EEERIRS, (BN FAESFHERE., ST 2020 F 4 KL AT FSL 353R4k
BE, LFA 10 MAFEGHIEE, 845 ImageNet. CUB-200-2011 5, f2iX kit
FEEMRREFEZT ARG =, REWRT ZHMABHRGIERAEEHIEELE, A7)
dh I BSCD-FSL #c3 £, B AT, 953K FSL M E Tl &A% 5] Rk X 5 54U £ 69 4%F
JEARARIR B E B, AR A E A 69 B AR SRR IR AEAS B B ARIR, B AR
EA AR, 495 RIRA BN TR, SLFk, # 3 HRTAAMEA B &8 R %
P AR — AR, RS AT AR Pk E L IR K A 4FAE.

JBIBEIRR
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4.3 ;TLF 3]

U 3] R B S T4 P LS5 B AReBA Bt U S BB AT
FiyRE RAEF F 3 L psseiR, RIERIRAFRA LA T ARRGES. LE
ARE FHRZGFAL, EESERTIRERMLG MG, BFTHAEEFIT
BAE SRk R L. BIA AL, RS HAF IRAIR AL RME TR 4
BARATEH ., HR, CHAATRFEIEFT T RO EBEL TR . £ FSL ¥,
AFIATUA T AHMARR AL F D . BT R AE LR,

4314 R g F 3

X% HIRE S IAEREA RE G R E A F ik, o) ok, EE55H
. XA RAATHEAL ) R K P RLRAR G BB R, TF D BAFZIN G —A
BASA RS (BAKZLAFTHF X BG4, AL E )| 4T3 604k
B, BEHEALT, §ERAZGSATH, ARZFIGHEFKXE), 2885
%2 MAML. Reptile VAR EATH kA TR, MAML i@ iT i+ HHAME 5094k 7 &k
MEABFATE. 5 MAML A8k, Reptile 7T vA—K £ B0 89 gk, T 3 AL
A PAR R AR A FSL AERIE a9 F 3) AT A, AW, AF I RELEH
FBAHR, FEARAKIATHOA., B, MAML BT 2 A FE&MFESF, H
G T AAPEAR KRR AARE B, tbde MAML++, FOMAML, Meta-SGD . TAML .
iIMAML . iTMAML %,

FIRMBRBALABF DN —ANETEF G, ISIMAEAEAKAE, B2k
t Fo t-1 BT R UM A FEAR A0 £ 57, MR A W& R Efh £ &
., 2016 -, Xu FAIRE T BPTT K& LSTM 29|, XZAAUEF I LETIF
PATE). EAMBAEIHFIGRET, MRAHERKD TRAF] . Netdiip @ foit
%, KEEE B L Xk A shik AL Rk,

Gt AT 2 R AL E (NAS) 4567 AF I8, Ffe FSL AT L #47 T 48
R, REREAREN, AR NAS Folb % NAS Z 19 G M £ 7. 4
A NAS 1 AT EF WL RIFBARNL T KD %, ReHfT—#EREAoRkGFE
BEGTAM, KRRV T EIATE )it 2. Zhao FAR B AT IR NAS, Hiz
WA ZERERER A EANATFH, AR ERTRAGRERR, MELAMNEHR T
#9338 m, NFER NAS 89T VAR KR 5. MetaNAS & 5% —#F & & U 3 Aott
% NAS 497 i%. MetaNAS #8950 F 3 049 S T LI EAF ) mds b gk, F4789:E
JLF % AR S

4.3.2 &% 3 % (Metric Algorithm )

BEEFIARETEHENAF, EEF I TFHARR R 5 A ) G XL
BEEFIRLTF—ANBRANE, gidpst, $FT7T5E2E5LEHIELE. Siamese
AP Z WG REEF P IRF AR, TUARERAEERL—ANZA5 KR
. A GG — 40 IE AR, AR E B AR N BORAE B AR A AL
Triple loss & /& FSL B &5 3] PR Z 3N 5 —F 5 k. 5 Siamese 492 W48
K., Triple loss & & EHK., QAAHEARFHIHERRNTA. 5 Siamese V4 M 448
b, RAEMELTZINT HEGALEENL, REZWRAL, ZAERAFEH E S 694
FEAE A, BRI, KIREREHEGHEREARAE., Km, f&L4FE
TR R E TR, Eiat, FEARCERET TR RA X8
BB B AR ALK, REMREM R R Z— R 4R I 71 32 % (Positive and Negative
Margins) 2, T —FR Y Tidd, 38R T R TR LR 4 H ek,

S mERR
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A 10: —ANRBHEFFEITER

Nearest Neighbor Ideas

[ 2
ﬂ Lo,

Feature Vector For Support Set

Class 1 Class 2 Class M

Class 1 Class 2 Class M
e e |
1 I
o e
i = - 1
Support | H
il %) m = & )
1 _ 1 mbeeding
1 " S
i <2 | Module Prototypical Attentive
|L G)O o E .: Leaming Prototypical
---------------------
oy |EEET | A——
Set Iﬁ vl 1 1 FealurevemchorQuerySel |
1 Dlstam:e
[ e R I‘

FAt kR %X “A Comprehensive Survey”, HTI
i AR RS fe R AR A AT B3 T, AR F BB RN E GRS RAEZEGIES, HARE
Z R GYSE B FI%, 1EARE) R0 49FE B FiT.

IX Bt W %4 ( Matching Networks ) , & —/~ %3l Al 6§ MAAER, € ¥ MERKIE
LR RAF LB ERFIRATA TG T, REMNELELT ﬂiﬁéﬁjﬁi/‘% ( nearest
neighbour algorithm ) #) A% AER! Fa dF AFAEA 69 RARAFAE, BT F ) AR LKA
MHRIEB A . ST AR RGGRT IR A % 3 R ZHHAREL, I TREBER 6
HEERAEZZEL., ATHRARZHLEAEFSL P REEXETZOEA.

* % M % (Relational network ) , 5 EXFEA G REZ AT, HAaMERE
dab 2 Wkt B, 5 Siamese A4 r]"kﬁﬂ/? AR ﬂ AFEPY, K B AT AL A 37
BT —ATFIOERESEERHE KRR, EHEBTALZ AT %L eg4¢
2 W 2 RN XA G FAEAR IS . R A ﬂiﬁ%éﬁﬁrﬁkiﬂi% TR &M
a4, FRETHRAS ﬁﬁﬂﬁﬁiﬁwﬁ

4.4 13 BAE£F )

AR, BAFZM% (GNNs) HF R AR T X2 69ES LA RYF, HAT
%%hﬂ%%TM&%%ﬁ%F&%7ﬁﬂ%%% ) B 382 %, 3% b K A & AT 45 M BT
EF. FHOANEZNLELEIFEFRETNEINQE LN EZERENRR T
ézM%ﬂﬁ%%%o%£Tum%ﬂ&&Aﬁ§%%%,*éi@ﬁuﬁﬁmﬁ
kifdE, #EINAAPZE NG E A M, BATK S B ANE %0 EHAEK.
AT BAFHIE N FSL, lﬂﬂl J’Jé’»)ﬂ B e 3 Ak S kit T@A}\%ﬁiaﬁ::]~ﬁ$/ﬂ\
e R, Bw T BAPZ M FSL a9 A E %,

A 11: DPGN fZ &4 F I TER

generation 1 generation 2 ... generation n

Distribution
Graph -

)
- inania

FAH R IR 3 “A Comprehensive Survey”, HTI
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DPGN ( Distribution Propagation Graph Network ) %7£ GNN AKX 8] 4 % & F=
BASWZIAGAE., £F, SARAABEELR, 2HABARBESH. THA
GNN @ #4358, & THARFS ARG XFE. A, LA EGNN. Meta-
GCN. GERN. HGNN #= Frog-GNN A8k F-ik. BT, BAAYZ W& 2 m A T 44
ABG K. BB F RO 9B FI1ES5F.

F OFSL P, UF I EZRIREMNESE B AR b, €I T —ARIAMRK
&, BCRIERE GIESISE, Tl —ERFHREAS, Km, TFIHR
RERBIERTFHAEL., SHOTEIREEZH RGN LS, WwRAELLF
B LR RS, AFE D TR A EMBAR M, B AR, 4R B Fe AR 693,
EZIERK, RELT E,

4.5 3HEF

SHERZFAR AR GHBIETR, o LF. B, T, BHE, ATk,
AR JUF R4 38— A%, b RIRTF X F RN, 122021 FHRIARY %
BA& Al RE, Hide OpenAl X &89 CLIP #= DALL-E 2R, %R AL F g, %
WAL TR A B F; £A DeepMind 4 Perceiver 10, R AR XIS EAA L
KEATEREME, LR EEFRERATRFRMK. FlhefRARE CLP 54K
ST (GAN) A% 4L, FAKF T AR, T ARAK Martin O'Leary £ Samuel
Coleridge #) £ #FEde &2V KN A, AR T Li#HK 4L &4 “Sinuous
Rills”. SAET, WAHERERINERM GBS, €S EHH— R TR
BIR, FM. BEAARA S, AP T 75 75 5 & 94T —Fr & 218 .

(FRB~FEE)

F|BA AL, FSL ARBABROCRFERLR., BEBEEAFIF, BE T2
TR EEATAHERE, TAHTENLERSE—FHEAH EZEARGELEG
F. FSL P9 S AEAF I RIG A TA) A S ARSI 69 ZAMEFo il IRALS Z 18] 49 7T
RRF ] BRI L, BITRRES S S L, TR A AR ARSIE 6 R
Jofe . TR A SAESLHT FSLG) T 23542, SAEA0) FSL 222 MR sk 4ofd 45 4E
REGEMT, Bidakd . REREERAT A SE LIATHEEE, ARAMTA
T EARY G ER S,

B 12: SAEIFIEM

~
Modeling Translation Alignment Fusion
e y
o —
5 \
E. Representation
a )
/ \
iti Language Visual
Input Modalities . Jee
1 -
Extral Origin
Knowledge Knowledge

Ak R 3 “A Comprehensive Survey”, HTI
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ZHEEHN

AL AR5 R, FSL 33 S64T S0 A AR A B B89 B TRk, B L RAE A
HBNE 8, STVAAMEAFARRAEA KA E T, kHBh FSL. KR, AARA
FrvA EAEX G &Mt EAES FSL 24713 %, @i A S AR, AHEAN
REAMETEEXRE. TAAMEA T AH%RAE (VAES) , A THEGALTHE
AE R EARIE SFAE, @R EARE . B f RIE T AR SRR, d—
T ETELRE, BT AL ZI (loss functions ) , A5 An a8 Az & 50
TAFFER A, Adn K KA T 4R 45 69 s .

MBE P & R E X AE &

128 %424 FSL 89 5 — AR R AR SRE| B 09 & k. 1 MR ARG o £ AE
S, EFAAE L F ik, 2R SRR R A RN 4B, AR
R, oder (1) AR A RTINS (GAN) 1Fh 5035 £ & 5 AALE A7
Y, K FIESUAE 8 A RAR R AL AFAE, 83T 25 A RAEAL A AE IR AT G 0% 09 4
AR5 (2) AR R ARBEAFIESE, ERHFRAFIHRRETHE, FLK
B B0 A R AT B B AT LS P, T L BaTeg FSL £, £ L TFXHEEF
M EI—/ B A AR (3) @BidEHEAAN CGAN (A &4 %4 GAN) , %
R4 BIR»HE,

ZAEE FSL 4L FREME, BAEAA#E S K, Whn: dofTab4 %k F4
WA HIE, TR EAERBABESESTREFT LAY RINGREFEF, AE2ES
FSL P, —ANFa94FIE£ R B 2 A8 95 K T ULR B 09515 G A SR R 094

VAR FSL ARMKE BT EE40 % D fk, REkEEE T ARGSEL. FHIR
A BARER. EE. BEEE. FHERA . AR B AN F A AT

4.6 FSL 5 AutoML t444-

AutoML #—E 353 FEER, @i £3)5 3 (Active Learning) &K, &
BT BHF I GWBEZATAFEHARGEX, A% A R FLAEY, Mk
Falm AT L, BlRAERERATIE, FHEE. RESI T, BIEA LMK
it . REBEAFTA, ARALAE, ARAKS. HEFEMLLREYN
AutoML T AMAFAE TAZ . AR 2. B4R, KA Ry @ %I g ahit, HR
BT TR FkAdFRA, REE, FHEKT EEA S T4, 27, ez
HIF %A R AutoML T4, B4 Featurelab ( § Zh4F4E 42 ) . Google
Cloud Vertex Al NAS; E A A % w75 X 49 Al Prophet AutoML 4, @344 4% 49
Orion F &4k £ 7 AutoML 3 6.

WNERKFIRATRAERRIGZT R ERBRRKEHENGERGPHA, @
AutoML B BRI EENT, @id T35 I kR HHEAE FE, BAARK.
o) gV, DERF D RRR D BIER AT IR, AutoML AR & ik A R AR
Tk, M AL, BT UFIERIR+ f FHAFE” 6 FSL+AutoML T A 2% 5 I AF
Ay AR T FikAE B Z A 0, R T RS kA PR, FHERAEFEA
FERAAERAR K. (AEAZR A FAE =, HTI &)
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5. NEEARHFRATRA R IR
5.1 AFRF ARG @

WAk, FSL S9ARRAFE T JizegkiE, AR T EXMALE, HlefTE
B e 4 KGBert B A JE FSL ARRAZMA K . #£X “A Comprehensive Survey of Few-
shot Learning: Evolution, Applications, Challenges, and Opportunities”, %t 7 ¥+ %k
5 FsLAR X 693 L4 E, 2011 £ 2015 4, @ T FSLE R AR TE, AKX

V. B 2015 SFAk, MAREF I 6SLAL, FSL AR R AR LT 2 &M K8
. 2020 4, AL TOIAD] 239 &, FIAKREER T 2731 Kk, 2021 F£F
BT F M.

A 13: A& LEX R FSLABR LT
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FAHR IR 3 “A Comprehensive Survey”, HTI
BAl, 5 FSLAEAMES T, HEAME R REFGFLATR, GBS

. A FAEN, EFEASEAEAIE. FTERERILT PMERF IR L 2GR AH
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FA KB X “A Comprehensive Survey”, HTI

JE FSL #AB &5 @y, i 10 0K, FSL AEHIER T ARMEANIR. A
HIEEB| ISR, S AMIEEG IR, RIBELIT, 2017-2021 19, 898 ik AL
T CUB-200-2011 #t3E %, LIk 46.6%; 587 & X 42/ T Mini-ImageNet ££38 &, &
W 30.5%; 335 B XEH T Omniglot #%3E4&, Lk 17.4%; 44 B XEA T
PASCAL-5i 4545 5, 46 B X A8 M T T4k3E £, M4& E%#1. CUB-200-2011. Mini-
ImageNet #= Omniglot J /4045 & L 3E £ 53/,

B 15: FSL R BB R AR

172

@ Omniglot . MiniimageNet © CUB-200-2011 ) PASCALSI 2017 2018 2019 2020 2021
O MetaDataSet @ Other @ CUB-200-2011 @ minilmageNet ' Omniglot

FAt kR X “A Comprehensive Survey”, HTI
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% 4h, CSET 42 2021 4 9 A A4 T —474k4 (Small Data’s Big Al Potential ) . 3R
EELETHRUHIESR, OHESFTHFAIRE, BAET 2K 90%A Le§F R >
i, ARIVIEIEF ) kRt BREF A FRTEBRAE L. ZR_EHF D
BIEFIAFTEN»HT 5 KE: (1) &85 3 (Transfer Learning) ; (2) #dEAriE
( Data labeling) ; (3) AT # 34 & (Artificial data) ; (4) N et #f7 ik
( Bayesian, REALF I —H) ; (5) i&F 3 (Reinforcement Learning) . it
BFE, MACHIA, XZRE, KFAFE, X DRI GGIIEATEZIEAA TR
AFILEAE R K B89 AAFICAIE, BT — A ) F ik R IEMST B 4 RAR LR, WA B
ARt ( A ARARE ) REFHF T (active learning) . ATEIEA & 5§ £ 7T F
B0 AR LA TN HATIRIE, ROV 09 B B BA KA, RAREHM Y
FHEFTRRELZE., KRGS E| LT ek (do: ERG>ERELE T
AT RmFEET) . Nt F RN F ) ME it —KEFT %, LR
P, Mot 7 k24 T —Frit BRI R 69 7 ik, A TR LR, 2Rk
TARRF $4B M EABIR BN HIBEARY . T Al 230 R 1012 & 5 RE
AL L, BARBEN AKX, FEEREL, REHREFELSEZEXEN AL
o Nt ik A THIBEA PR R LI, ME T3t L FN 69 o 2 ATA
ARG, X AEBIET R A Py B LT ARA A Bh. Wt 7 77 ik 2 — ANk K69 Kk,
TAIB KA HE R, —RAMAFRLIEN KA HIEE., BAUEIINEFIT N
XA s ki —, A THEFBETANA ARSI LA, @id5 3] R
(AN ) A K p% 2 FRR K ALK SR I 2 B A7, 3R A0E 3] 09 7 LR R AT B
R3] kA% 342 ( Markov Decision Process, MDP ) , &4 3] i@ B T %% 2
G MLBEAF QBB F4H, REBLFI)ZRTEEZRYE, F2aRELLHFCE
SN, BREARZCHROEIER T REEMIIE T INEE RS, MALFRMES
AT

THR 7T X REAARAITA L &R, FAERE—ANFREE (P—Ak
L) . —AFREREL - N RBLAG KGR ET AR EBEZ A 5| 44
BWRE, AR ERERTEAG| RNE, TOEd, RREFHLSRE —E3 FeEm
ERBAREE, [2RF LA )RR LG LK T RIE,

A 16: NEIEAREFGMLEE

PP - Reinforcement learning

- Bayesian methods
® ‘ anster learning

FARIF: CSET, HTI
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AR X BRI T T, AR HIB F xR ETF P EBARE GIIE,
BALFE ) Ao Mot B 7k R AA R KRG ER, Nt e XS+ 58P
K., EALF I 2015 FH4LE K, B A 2017 £ £ 2019 SFHE)38 KL ARk, X
THAW FRERNLFE D EGEE, EHF I £ 2010 FrHRY, 25T 2020
FOHBRRMWEESK, AT, Edk+FF, ATHEA RFKIBEIFCHREN
it LT — AR,

B 17: & HIBF I XA RALR

NUMBER OF PUBLICATIONS

5,000
-a Reinforcement
learning
4,000
-« Bayesian
methods
3,000
Transfer
2,000 <4 learning
1,000 <4 Data labeling
- Artificial data
0 — : = = . T

2010 2012 2014 2016 2018 2020

Fo#R IR CSET, HTI

52 BRXHREHEESEN

CSET #94REARIE L R 69 LHE 5| A EFHEATE, S BEAEHF L5 P
AR IAZHAT T i, AT BB RAENEEFT EFHES.

TFTHAITT ADNEBELEI ST @AEL AT 10 9B KRG itddeE. HATFEEN
BARE RS —, PEFAELERDHBEHALALHITARETEH, FEEML
J&. VPEAESBAREEHSF ) Tk AL, mERE N F k. BILFE T fo
AT H3E A R T @A,
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A 18:

AT 10 AN B KA DNAERF AR 7 B4t

&

i B

10.

Reinforcement Bayesian Transfer Data Artificial
learning methods learning labeling data

6,705
...China 2 ...v.4952..
UK o v1 540”
Geﬁnany y 1, 389“
Japan 1,162“
France 7 918
Canada 902
India 630“
Spain 545‘

Australia 520

7 804
China 3.963
UK. 3 423

Germany 1 585

France 1,486

Australla 1,017

ItaIy 1,010

Canada 972
Netherlands 770

Japan 719

Chlna 2 546

U S 1 935
U K 472

Australia 362

India 285
France 234
Japan 227

Germany 222

Canada 218

Singapore 203

Chlna

U.S,

India

UK.

Japan

France

Australia
Germany
Canada

Brazil

3 250

1.899

815

344

313

295

295

286
217
215

.China o 183
UK 112
Germany >86
Taiwan | 79
Australia 7772
Cana>dab l 37
Spain ' 32
S. Korea » 32
Japan » 28

Fo# IR CSET, HTI

7 @ ¥ IBAF

TFHEETTHE R0 5K,
EHF I R RERMNTAA L ZHEFS.
FReyEY.

ﬁﬁ%%l%ﬁﬂﬁ&%ﬁ ¥ E /£
XN T EvRA T B AEEHT )

A 19:

23 X BB T ) ) TR

Reinforcement

learning
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methods

Transfer
learning
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labeling
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data
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B 20: & RALEIT5; S BIBEHFR HBEAF A

Difference in share of funding from each entity for small data research and Al overall

I United States M China ROW

15 PERCENTAGE POINTS

10
) I
0 . - o — =

-5
Reinforcement Bayesian Transfer Data Avrtificial
learning methods learning labeling data

FAH R CSET, HTI
ARABVA £ CSET #94R2%, HRATT AT A FALA:

(1) RBAe B AT FH @5, REAERMRRG T H (&L
FI) AN et Mok ) FEEAL, 2F EAESF DT EL TR, FRBE
&,

(2) ABAF FEAALF RARGETRX, LB GRTIHR LD RBFTF
R EAFHAR, B THBE R,

6. NEAE R

BAr, EAANEAABEEAT IHERAZINEE. R BN ENL,
Wl R HE. MRIRA. BRWE., BRE NP AR, thdr—2 2230469 X 2 IR,
NER 1L 5. HefTi@ il R RH M E— R, JERA YV EAFERIBEOESAT —2
L4 L, RFZE NP AR R E L, IRT NLP ATUK, EH 4inB %, dokks®
B IR R, F KR, ARTAGRIL RS I FER TR, HI, R G
R AP,

PaddleFSL #j/ 4 KF 3], PaddleFSL & —/ANAF R Eep I HEAFI T ALO, £
INANTEGE, RETEE. HH. BB IBERFET FiE, FABFEEHG
DAERF ] ik, PaddleFSL ZFE K 4%, X AR, @A gRIETAEE 27
LS, FOARXAMESPT T RB— R 2%, H Al 4L 4 CVANLP
HARGZEER, FHARLTCERGLES, RBY A 694K,

M2/ NLP ARG IAERFE T, F THE T AT A CLUE AFF T F s
AR ] MAEERIRR, FTEET &£ KRR Fo LA SR AR SR E & ARG
#—4, PIIETABEIEN A CLUE A A VAR T 23 NP+ B, A% R
R, TARZ4 TIRRSA, P, FewCLUE 2 CLUE AT 44— F L AERF
AN EE, B RIPENE F I EA R ST A F ) ke B F R A A
BT, MANEFA. thheFaERG T TR P AEIAN, REALIFZILTE
M, AL B EA F L] 90%, MR ERE T —EKER + ARG LEA
R, A KHALE T G b, B TR IR T %A Fuzzy-PET VAR RS
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A\

%

3, BEMAEFAGKFRR, EEEREIHFRFIESOHEELRAT A
AAAIBERAERAG R, FANESNLETHAFZH NP P, Xz d
A IET RS GAFET R, ’ARE. 2AARDHERTF S EHIE TR
E LTI BT R, FFERIHERFE I T E, FIHRTE I A ERE] NG
%—H#) BERT-F & £, FARL N3 & LEHRERA, twwE E W57 d: HAH L
AoFAES, DNEERF AR 2,989 Fol A A FL 89.24%; —HKAES, )
B S) AU 384 )| A EAR A FIA 8T%; ) 18] K R AES, AR S A 2909 &
P ABIEAAHRIL 91.88%; EELSwR BIEMBEF, 2AKREAFRRGE, £
M@ it Active Learning L BATE4IE, #IEER. FWEF I L mF T +H V%K
AR, AXAFIE 1757 8038, AN Bdn RAB IR 69 # F £ T VLA 5] 95.88%.

Facebook #/NERF JH R R, N33 FE T —HF FSL ( Few-Shot Learner) #f
A A FE, RBAEKEIZA (UATREMNAZA ) , AT 69 R E R 4069 .
HEWYABRZRBATE)., ©TANREHHIEFFET, ko BE LA, Facebook &
T, T EBEET AN B RGATCTMBAERNEF 7% E5 A ERNE, Z
AR BARIE IR, BRI R 6G 10 FPEcdE £ AV B AR - KRBt K h R
A E., Few-Shot Learner £ —ANKHAE. ZHEA. 25T . BRI IHAGHE
A, TS RRA RS, TULERBAERERGEILT, s 08B AT
. ZAER T AL B R0 KRB ), A T8 A E T ARG R R A i R
ET ATV %, Ao @7 BRI AT A 69 R B UAT T sitt, TVAB AR IR
WMENBAOANSE (fe: “DRFRAIREZFANTEDG? 7). HROFETRABR
EimahetsF, AAXA RS AR RII AT HRETERA., Aa 8 FSL #K5
B AT A 6 — sk SR B A R 3] ik AT T kR, Z3, R AR EF R
Sete N HEARF D iR ZHH 55% (A 12%) .

6.1 MAEAF 3] it AL ARG KB ARR

F T 5 R ARER, DNEEARF S B E T LK KIS REIE R E R AN, HiES
MIAESF L2 FRARARGFE X E, LFads AR X BEELR. BiF
IR, IR EROM. BT, REALEMBEEFEA, & TFAREIEG LI
FavT AR, HENAE—EARNEF I FENEZZNRTE. ARFORELR
B HATEY T 3] Fik, WAL S BARAE A FSL 7 ikt e B, AR FSLey B G, R
14,

RS it BV AR EAFE) S A . BARRL, BT AA kA Bt
ALY FOIN%EIETFEIRANBEF MK, AR, SIHFAEF, TLTT
VAR SR ) N AR P AR IRAFAE, ST XS AE R A R R, DR FE ST VA R R
Beho KB, BliebBE A S fa b5 mE, o, BT AH R BG5F],
PP —iR EAZ X A 2 AN RR 8RR

# X “A Comprehensive Survey of Few-shot Learning: Evolution, Applications,
Challenges, and Opportunities”, #3277 itk AF 2, AL AL ARIREY FSL AR,
R ARG K. BAREN. 35 5E fe E )5 F WA RS 3 6 5 RAE S

£ FSL AL KA S, Rk KBRS S RS T BB I HIEIE R
AT AF IS EEMREF T R A LR T A 2016 F2| B 7769 FTA 1>
ARG, EER, HFiHE T miagenet B EHIEE L AT AR 6 RAEME4E,

DR B AR (FSOD) SZA S MR T AN A MR e91E 5. FSL B K
A7 BHBATRKIE, (2B AAENF BT Y, BA, DEFEKE RN LR

S mERR
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THAHAZANZEEET: HBHE, TBFIRAFLT. LY, FEANSE DA
B AR AL A KAEAE R (R3S AR IR E A 6963, HRFT A%
WEE) |

2017 4, BRFE T PDEAELSF), i 28 AT ERBEA AL
2EyFF, 5AEGRHNELSEIRE, PMREA)BAEIFHEETELAR Y
B FAFEAZ & DAHEREXSZI T AN A WEE 53] LB EE XS F| Fotl N5
B, EAEFINE, REEF ERAEAESE A R 4o iR AT S,
EREFINE, BT RXKENAB>ZN ik, EXEBREEERZRENTFT I T
BlE#E. 'L, BT A ELEHFOEX, sSIFRELSFHATT REF 0,
PR B RT3, mAFAEY A REAL B3AT KA R A% 40 o0 B\ AR 34T 45

5iE 540k, T4 0B B A B 694 E IR A A B s AT AR
EER, RV ARARREZOIERGFRT. Bae TEMARE T Tl f —8 A
M) T E kB R-CNN. RIEAAER, - T —A e MERTZH 3 ik, B
KR 3 T R EHIE 6 AL,

MG R R A, A EAALIL N 4 S AAFRY , DHERFE D £ FSL R ER
TR Lo R ) BFRF, FLIRGHKE.

B 21: AT 3 AT AL AR MR

2017-2021 5 4 B RES P A EF T B RRA 2017-2021 4 B ARERUE S+ K F 4 3 o9t R
100
25
Transductive CNAPS + FETI 24+ Meta-DETR
Am dim Net
% 21
Humination Augm entation
liluminatian Augm entation 18-
80 PT+MAP Mess-DETR
Fsce
. simle CNAPS + FETI 15 PR o A
g S g— g "o
2 7 4 Mota RCNN_—
g 2 == T TR 44
Mateh Featrewselgnt /F50D
60 Deep Cam parison Netwark 9]
Delta-encader IR
Catsgory-agfostic mapping WRN "
50 MetavoLo
MAML s
Matching Nets ke
Time(year/month) Time(year/month)
T T T T T T T T 1 o v T T T T + 1
2016/07 2017/06 2017/07 2018/07 201901 20107 2020101 2020/07 2021/02 201803  2018/12  2019/10  2020/03  2020/08  2021/04  2021/05
Soway -1-shot @ Sway -5-shot 10-shots @ 30-shots
2018-20215 3% X 4 # e 4+ K F S T dh ik f kL 201720214 F W S ¥ 4= F b R EF D 60 R
227
ONCE iMTFA
204
3 2
g % 18
=
16
FAPIS FGN
Siamese Mask R-CNN
Mask R-CNN TIME(year/month)
Time(year/month) 14 ; . : )
2018/10 2019/03 201010 | 200007 | 2000012 2021/03 2017/8 201811 202009 20211 202114
1-shot -@- Sshots 1-shot

Atk B L “A Comprehensive Survey”, HTI

JE: (1) Sway-1shot: 5 NE&IN%E, HANERA—/N4EH6]; (2) AP (Average Precision) , BP-F345/E, & B ARAER & 49 —4>
FRAEAF. HEXA PR & (EAFE-ZEEHL) X TER () . BERM, —AHIFHLESE, AP AMZ; (3)
MEAN 10U: Ri& A #4E 4 F 69734 454F. 10U (Intersection over Union) , #tZMA KA RELE AN ELGHFRZIL, =
M AL TSI R P A MM IR L6 — AT, SAEAK, EHEME; (4) MAPSO: M 2 Mean #9& %, RAGHTAH L5149 AP
1E89-F 348, 50 69432 10U BI1E % 0.5;
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BT, Al KR ECENBRARTE 7 L AT, KT 76 R BT —AT
g A KiER, EFRBFAGER F, SRR F, RO ERRARM
. SHMGFF, FEEARGKEAALR, I%kd TR RE, B FRFRE
A, WEEKATHde. MAEGEGTERPIAL, §F2eLRy=ERFM, w4tz
A FERR A, Mk GFo P E T4, BIARRLREL, RU5 B F ik U

B2, LR RBAERME . RIP) R IGRIRA Z 49 97, T R4
AF ) HERTESE. ERRRIDFRT JEREGNEF ], AR LR LA
P B A MAERWIAL, AR MR T AR A b 0 SR R, Al T AERR
i

B 22: AR ] 6 R A ARIR

Computer Natural Language Robotics Audio Other
Vision Processing Processing
Few-shot learning is used Few-shot learning Few-shot learning plays a Fewr-shot learning can Few-shot learning can be
mainly in computer enables natural language | critical role in training enable deployment of applied to various rare
vision to deal with processing applications robots to complete such tasks for acoustic cases tasks in:
problems such as: to complete tasks with certain tasks such as: signal processing:
few examples of text
data:
1. Character 1. Parsing 1. Learning a 1. Voice <loning 1. Medical
recognition movement by from a few audio applications
2. Translation imitating a single samples of the (new drug
2. Image demonstration user discovery)
classification
3. Sentence
3. Object completion & Leming 2. Voice 2. loT Analytics
recognition ) maf!lpulallon conversion
4. Sentiment actions from from one user 3. Mathematical
4. Other image classification afew to anather applications
applications: from short demonstrations " i
PR 3. Voice 3. Material science
* image retrieval 3. Visual mnver:i:;;\ . applications
i 5 5. User intent igati across differen
* object tracking classification for pevgRYen languages
= specific object dialog systems 4. Continuous
counting in images control
6. Criminal charge
* gesture recognition prediction

* part labeling
7. Word similarity

* image generation tasks

* shape view

reconstruction for 8. Multl-label text

classification
* Image captioning
4. Video
applications
* video classification
* motion prediction
* action localization

* person re-
identification

= event detection

FH KR Mobidev, HTI
7. AR T AT

MATALFL R0 A R A AL EAE ST 69 B RIAUARIC K . ARGBRR3h8) Al BFUAR
4, 2030 4F, Hlakid. BE/MEEERES A RT RS 16%, 16%,
14% EE/FT =4 . Hd, BROGH)E Ak F i TR, BT, &K
BT . WHRMWAFAFT AL, Bb, HlEb R ik Fok AR, 2]
AEAREE 5] B TR SR A AR

IR, BaiTdelad, #A4T 5 E RAAR R A LERT E 2| 44

B, IEASE D S LR BRI AL R . AT, MRS T K S %
FEE AN RESE, BN, T EA K, DHANE
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26 @ lnse



¥ & it FAAufe skt

A A Tk AR IR G KRR F N A F FFe KR, Flde, HAE industryweek @94k
B, EAERZLY, BT4H 6-sigma THEBARG S ZEH, KEIHEHHER
Fo— AL B AR ERIELEE TR F P R Z B 4 AR, b THliE
B A ) RAAE T St ARSRIE, AR %5 b M AR BT 69 A T 5 SRR AR G AL A
MAER, FEZ b, FEHEFOETFHE A FEFEERINA XL, B4 EH
AT RKRGIER., HTHIGESA P HIENE G Y ERN NG KR, 4%
A KA I R R ARTRGFE. 5o, Tkahlansiing, EAK
Bk FRARIY. A FARE. RAAF SALH A RRE R,

B, REAFEEFING A LEEALET LR PN EREA, SHAEE
REBAKG NAER T 3] Bk AR A T 4 T L ATURE a6 L3R 6940 SR 5 /), 1k
Jo B AT E RARK GG T A, ARIEZ B IRE, B AT AR R EA T AR K,
TIBFEERE, EFHHIMER, TYHELEZHKES,

A 23: Feeald LB
Wt o, mm 4, REW

NFEERS T

B

b

b =

I?‘_’ . D

> @
TARE

wREN -

& B 7

B8E . TURBEE, HiHAN: mHNa
1 BOREAMIARNYS, DRSNS
T RR: . HTI

7.1 AL AUSEA R R AR T e T AR R R AR

AIFLFE A 2N AR FE 5] T L ARSR B AT R B e X —, BT S
AR, RAET/H EZHAEANIAN, BME4 A SHAFAN, FB AR R 63
XL K. AL R R T AR RAS. BIWE, AFLFHRNEE
EREFFEFH S AEM, AFLTAMAEIC, AE. #R. EHFLE ZMARLE
R ER, THBEHKR., BT, DHFERF ] FEELE Y XSS R RAT,
1248 % £ AUES IR G T IE-FIAL, ProAst, AR 3 B ke matds mbh AL
B R AR T AR ik 50k 0 R AL
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B 24 TR pHRFEJFEER

— A= > VIER&ME = EE >
sz | |@z| | oo 1 . 22| | &2
== == w_ﬁ_ﬂmm' o |EE, " HHE " m il o i

2| % 7 @ A =l B
....... J T > 4 L —
: i = o = 2_ i
.- P B Elwe | B | g | K| am g | am | wx | &
=M 'ﬁlg 1* X 2z T ]
= | |&z| | x : LT
a8 |  summ SHiEE - i E
A B : i Bz e —

0 REALARNESRE | O BB AXHA TR S X S ARSI ZEE, FRR | 0 SRS S EEa
A% D SR EERARIERNEAEAEHE 1 BANEEE, ETER

QMESAEMAR, M QETRERR. SRR, MDA NSRRI Rl SRR, TR
EsElgis e LR, ERHEZEOOMT, SMEEMRE - RESTRRIIL,

: SR

FoHRR: KHFRIE, HT

7.1.1. Al BRI 6 o B

Alm%ﬁmi%ﬁwk%“ FA. A, WMF. AW, EF, RS
e B ARk, AAMNE ﬁt—'f%i)uﬁl’liF&FFF]%H’waé’JJ&:i%)%
73'1 HEF AL, 4“’ LR T K I 24 BT IEGIEAT, REFRA 3%. A
1% o 6% 2 52 I AL #ﬂxk%—‘ifiiﬁ%*"ﬁﬁﬂﬁ—%iéﬁiﬁi ;I’_Jkil%ég/k&}i{)&
HHRAETRECRAFRI AU REELZ. NESHRALTFTAENLHEK
R RM EM AT R, TEILMNE KPR, ﬂﬂ%iAAﬂﬁﬁﬁkﬁ,
HAKAE FHE, RVAARE, BRAMNAGSAEAXRE., BE2EF5E2H L
BB, ANIHERER 70%. Fretm A gwog B =T 5 & 5ot F 324
% 99%.

B 25: Al ALEASR 69 v K T 68

R mE Efr L]

>
<ltem 1>
@ Height: »» Length: »=

Item 1 Item 2 Item 3 \Wiath: v

IR

FTob IR KHFFRIE, HTI

7.1.2. IR G KR K2
TUMBEREAR, BEBREG, BBALQAL AL, RREL,

FAALE, RAR TR, MNE. AlB RS F IR KRR, £k
AFF, HAGENERETEZRSHEMNTA, IRFmEF2E, mAF
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EARTERZE. TEABERNNAAREG L2 UES50 BRI AOIH LA
AR, TR MG A, TERAAINEEZFREMTI 28
KA. /Al LB EA, EiXSsranF I ysd, b T EEE,
HIERIR A, EREFEEEE, PRIFHRYE, FEEBIREF S
A&, % AOl 2L CXERIH L FRLENE R, B, WIRAEF I+ LR
F 3] A REN Al TR & E AR BRARE LA F K.

Al T FAaFELRANNER: Z2HRIEF I L ENEFREF IAEN
HEME., SEANBZIRMNEXZBIALSHE R 4FIE, BT E
B AR RBFAE, FHHFERTEBMBAZNE F ] 5 kB F i,
BakBisEzs, BB EORERR IR, PREAMNLER, AL
S EZHENEZILMNEETRETEZOERN. REZFILMNEEZARY T
STAFAEILIR A A TR, REB A, HEB R, #ATRLEIN%, &AH)
s R, PAHABAMGLLEN, BRI %, FRRFOER. REFIER
EAe Y G, WA G HRRA G 4E, MR 5F BME, REREREA
MM &2 E L TARIF, FAL5 P HFRFIHEMEES, REAFIMN
THFTABLAERBERARFFERNMXER/A (RLE, KL E
), RMBEREAMEFA.

f 3 B2 RSB R b, AT BRGRIEIRA, KR
(Jeffddhie) M, LEBEAL, HENEGANARTAE MIE . £
TG ERIBOEALT, RBRERRGFIE, ZEMNZNELETRY
FATARATHEZEHS, FRAAXGFFXLA, THZRFLARA, Tit—
P AR AL AL B T Ak R b hY

7.13. fTLREREHKILE

IES LZ2 kA, EFRERTIAAIFRBRAL, HRMEY
REFEA., TLFREEFAR T BN, R+, FEE. BH. &
B, RE. THEFFT@OLN. Al TLFALENENTFIPZMEL ()
HAFI ), FRMALE] Al G3F 3] B, FEREOLRN T4 £ A
ALK M R G, —F @A F AR & /A IR B 69 40 Bsk 18 T A A 2h
F) B 68 45 A 20U RA T B ALAR M RAE T 49 B AL, Al Tk R A AR I AR AR IR BT e
Bera e o TR R EBRAA Sk, RSB E LG RAERE, FHEEDH
AFIJEHRG R A, HARKG T, HRERRKR, FRERG K,
1= 4R B 2 & 4
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&1 TLFREGELAER

ATk

B

K

L A

AR AF A A

WAL MR RGBT B E SRR F

3cdeF

BF oAb ENE, ABRERE R,
A AR AR

TR, BHEE. ORISR RN, PCBARM. ZFATEraddm,
[ERRIE R o R Uk

F 54k

RAEFH, REAMK

LEDA Epah PaAE M. A %5 SLiadbinl . % % & mEidn

THRAER

FARA A BLF ERE, AT FHEEH

AL SE I

fil el

AT A AR

R K. FABRMIEALN, EESMF

AF

AR, BREAEFSTHE, AR
2, A, RER/BAE R, AWk
g

SRR B AN, FRAER . A A T A g
FHLFAE

Rk

HAGERALRIR, MK BHHRBEH, M
B AR T IR

TR AGE AL, MR & /ITAESE AR

fd At

AT FA A, AR

Fob A, BERAGAR . BRI F

it

AT AR A

R HRAEMNF

BE 57

AR, RMFE . RK, aRE

T AR AL Bk e AR

E A

RAER . FEAL. R A, KA

RN e T

FAR IR M LAR .

KAMRTIE, HTI

7.1.4. F B Al LN T HAAE

AL H AR R B ARLE S, THAH E W ERAZR Y e920E, @b
WL R IR EFY A A, BEBIRE S ) R REEDGF A Tk, 4B
FEBRR ., Ak, AT A LA E RS HEA SRS, KEH
A E Aeik A7 BEAL AR, AR E K49 5% ) R AR

RIEIE S 2021 FEgIRE, FiTE] 2025 4, FEBE LA TR T IHHARL
3| 133125, FORHA (2018-2025 ) A AFHKE A 49.4%. 7, HIBRPARK
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APPENDIX 1

Summary

® Human-like intelligence learning is the goal that the Al community has always pursued.

® Few-shot learning for human-like intelligence.

® Since 2015, with the rise of deep learning, Few-shot learning has entered the deep learning stage.
®  Few-shot learning can solve the Al commercial landing problem.

®  Industrial vision inspection is a typical application scenario of Few-shot learning.

® Suggested Focus: As a typical representative of Few-shot learning field, we suggest focusing on: Alnnovation Technology
(2121 HK), Agrose Technology (not listed).

®  Risk: the research progress of Few-shot learning is slow, and the progress of practical application landing is not as expected.
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TEEAHE

MR RE G EEE RS, #EEFA bR ERMAA RS (HTIRL, Haitong Securities India Private Limited (HSIPL), Haitong International Japan K.K. (HTUKK) A= 8 B FRIE 44 PR
3] (HTISCL)YIEA A 7 A IAFT AL A ) 23R o, 458 B FRAE A % ) (HTISG) & AR A AL E LA T 0h 3 R ER AMFIE A%,

IMPORTANT DISCLOSURES

This research report is distributed by Haitong International, a global brand name for the equity research teams of Haitong International Research Limited (“HTIRL"), Haitong Securities India Private
Limited (“HSIPL"), Haitong International Japan K.K. (“HTIJKK"), Haitong International Securities Company Limited (“HTISCL”), and any other members within the Haitong International Securities Group
of Companies (“HTISG"), each authorized to engage in securities activities in its respective jurisdiction.

HTIRL 247 JFAE Analyst Certification:

&, Liang Song, AWMKIE (i) AMARE PHEUEARET RN ABL T RAGEFRIA B AR S LTATHMAE, FE (il) RORM P ZA ETH2 5 ARTRE
PREAGLRENRIA L AR ABAE, RARRE T AR HIER, &N (AEANNHTE) AL PYREAETMSF A, |, Liang Song, certify that (i) the views
expressed in this research report accurately reflect my personal views about any or all of the subject companies or issuers referred to in this research and (ii) no part of my compensation was, is or
will be directly or indirectly related to the specific recommendations or views expressed in this research report; and that | (including members of my household) have no financial interest in the
security or securities of the subject companies discussed.

FAFERE Conflict of Interest Disclosures

B E AL LRI TM%%%WW%#/%#N&% PR REZEINDEAUTIRA AT XS, RAFARERT, UTRARAFAANEEFR (A TRERHR
ERRARR, +F T HANAESEEL, %4 ML ERD-Disclosure@htisec.com )

HTI and some of its affiliates may engage in investment banking and / or serve as a market maker or hold proprietary trading positions of certain stocks or companies in this research report. As far
as this research report is concerned, the following are the disclosure matters related to such relationship (As the following disclosure does not ensure timeliness and completeness, please send an
email to ERD-Disclosure @htisec.com if timely and comprehensive information is needed).

HRIEARDA A Fo L T8 (4AREE") £itH 2AAAKST BABAUS and 002152.CH MARAITRE . HXAAAE 06 1 RERELFTHHIIM, REALL
RERAOERATFASTRE; 2 BARAREA, TAHAIMSHAGERAG S FRTRE; 3, AR LELRNHZMLET. BHRERFNAA.
Haitong Securities Co., Ltd. and/or its subsidiaries (collectively, the "Haitong") have a role in investment banking projects of BABA.US and 002152.CH within the past 12 months. The investment
banking projects include 1. IPO projects in which Haitong acted as pre-listing tutor, sponsor, or lead-underwriter; 2. equity or debt refinancing projects of BABA.US and 002152.CH for which Haitong
acted as sponsor, lead-underwriter or financial advisor; 3. listing by introduction in the new three board, target placement, M&A projects in which Haitong acted as lead-brokerage firm.

HARR, BRAHA 300496.CH —F-FRIKIEAN 16300 L.
The Haitong beneficially owns 1% or more of a class of common equity securities of 300496.CH.

0020.HK & 002152.CH B it % 12N A AR MR M ETAATLEEP .
0020.HK and 002152.CH are/were an investment bank clients of Haitong currently or within the past 12 months.

HEZBE (7)) ZBREARANG FLEE (AH) KBRAARAG FHLEE (PH) RAHAFIRNG AN F ZEEA) L& FTEEARNG AN L EEERME SHAR B
3], 600570.CH, B # K FE IR IRAHA R 8) 3 KFEAHLE AR IR A KA R BA RN & 300773.CH B AT £ R AMNA R EZNE P, BARE P REFATRTLEH
EARELERE.

HEBE (7)) ZBREA RN FLEE (AH) RBRAARAG FHLEE (PH) RAHAFIRNG AN F ZE B L& TEEARNG AN L EEERME SHAR B
2, 600570.CH, #2237 K K SR ARAHA TN 3) 3 KB AHL Z B A o 8) 31 KB AL & B4 TR 4) and 300773.CH are/were a client of Haitong currently or within the past 12 months. The client
has been provided for non-investment-banking securities-related services.

LA RRE EHAARAG A 300773.CH BT REH QM RAEENE P, BEALP REHEALSRS
& 545 BHAA /4] and 300773.CH are/were a client of Haitong currently or within the past 12 months. The client has been provided for non-securities services.

AT (RAEAER) ARRZ/MAAM 0020HK EFETLATIRSAH.

Haitong expects to receive, or intends to seek, compensation for investment banking services in the next three months from 0020.HK.

HAETEN 2 ARTAFEEE (7)) KEREARNE FLEE (RAF) RABARRNE FMLEE (FE ) REAEAR RN AN TEE A LETE EA RN AN
BRERAELHAR RN, 600570.CH & oL K § 5 fs ARAR IR ) RBREFAUTIRE AL o SRS 49403,

Haitong has received compensation in the past 12 months for products or services other than investment banking from Ff 22,2, (1% ) MR AA RN, FLEE (AH) KAERAFRA
A FMEEE (VE) MAHRARA M ZEEAILEFEBARMNE M 2R B ERE EHAH RAE, 600570.CH and o & § & 742 EHAATRA .

ERIRAE 0700 HK A £IEANMT A R AETIRAEE,

Haitong acts as a market maker or liquidity provider in the securities of 0700.HK.
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FAEZX (K 2020 % 7 f 1 8F43047) 4L Rating Distribution
ARER (ATRANT) KA FREARARTARERNE A0
A R, PRABTRF. KEA L F@RE T 4R X, FELHT
BN EN T EE L, BRARFANELLMERARA, AETHE

AT, PHRARBARRAREEAZTEN, BN EEREN AR L
ETEAEA (B EEOAAEL) WALBEE.

Most Recent Full Quarter Prior Full Quarter
Underperform
1.5% _ofiEutral

Underperform
1.4% Ne

AR EFA
RFRT, Ak 018 MARTIRARRARIE 1000 L, RAER Outperform Outperform
T B9.4% 89.4%

TR, KK 1218 MATRMET REERTAFR, RERAPT. RE
FINRA/NYSE 8932 A A AL &MA%¢¢ﬁA&AﬁﬁL—ﬁ%
BTXT, £k 1218 M ARSI REEHkRA 1094 L, KRR L
’F

AW ZEARE: B A-TOPIX, $HE - KOSPI, 4 7% - TAIEX, ¥ & - Nifty100, &
] - SP500; L7 A )/ 1 - MSCI China.

Ratings Definitions (from 1 Jul 2020):

Haitong International uses a relative rating system using Outperform,
Neutral, or Underperform for recommending the stocks we cover to
investors. Investors should carefully read the definitions of all ratings used
in Haitong International Research. In addition, since Haitong International
Research contains more complete information concerning the analyst's
views, investors should carefully read Haitong International Research, in its
entirety, and not infer the contents from the rating alone. In any case,
ratings (or research) should not be used or relied upon as investment
advice. An investor's decision to buy or sell a stock should depend on
individual circumstances (such as the investor's existing holdings) and other
considerations.

Analyst Stock Ratings

Outperform: The stock’s total return over the next 12-18 months is
expected to exceed the return of its relevant broad market benchmark, as
indicated below.

Neutral: The stock’s total return over the next 12-18 months is expected to
be in line with the return of its relevant broad market benchmark, as
indicated below. For purposes only of FINRA/NYSE ratings distribution
rules, our Neutral rating falls into a hold rating category.

Underperform: The stock’s total return over the next 12-18 months is
expected to be below the return of its relevant broad market benchmark,
as indicated below.

Benchmarks for each stock’s listed region are as follows: Japan - TOPIX,
Korea - KOSPI, Taiwan - TAIEX, India - Nifty100, US — SP500; for all other
China-concept stocks - MSCI China.

BZ 2022412/ 31 BEEERKERTRELH

RFAF L3 BTXw

(#7)
HAEGREALEESE 89.4% 9.2% 1.5%
BRRITEP* 5.2% 7.3% 8.3%

CEANPREA ERTAATEP BT B A2

TEAMEGEN, bl \ﬁﬂﬂ&Mﬁm%ka PR E K TIRA,

RA IS FINRA/NYSE 4938 A AN, KAV B P RPRRNBA X —£5], HEE LAY AOAERRHRE
RAHFREAR (A2 2020456/ 308):

EN, AR 1218 A RS A AR BRI E 10 £, AR T

B, AR 1218 /M AT R B HTNARK, AET T, A3 FINRANYSE #15REN AN, KMAR T P RRIASH L —£4]
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i, Ak 128N ARBAA A ERRRRE 10%0 L, AER LT
B2 A AERE 0K -TOPIX, #E - KOSPI, 4 7% - TAIEX, é £ - Nifty100; £#877 % B #A 1 - MSCI China.

Haitong International Equity Research Ratings Distribution, as of Dec 31, 2022

Outperform Neutral Underperform

(hold)
HTI Equity Research Coverage 89.4% 9.2% 1.5%
IB clients* 5.2% 7.3% 8.3%

*Percentage of investment banking clients in each rating category.

BUY, Neutral, and SELL in the above distribution correspond to our current ratings of Outperform, Neutral, and Underperform.

For purposes only of FINRA/NYSE ratings distribution rules, our Neutral rating falls into a hold rating category. Please note that stocks with an NR designation are not included in the table above.
Previous rating system definitions (until 30 Jun 2020):

BUY: The stock’s total return over the next 12-18 months is expected to exceed the return of its relevant broad market benchmark, as indicated below.

NEUTRAL: The stock’s total return over the next 12-18 months is expected to be in line with the return of its relevant broad market benchmark, as indicated below. For purposes
only of FINRA/NYSE ratings distribution rules, our Neutral rating falls into a hold rating category.

SELL: The stock’s total return over the next 12-18 months is expected to be below the return of its relevant broad market benchmark, as indicated below.

Benchmarks for each stock’s listed region are as follows: Japan = TOPIX, Korea - KOSPI, Taiwan - TAIEX, India - Nifty100; for all other China-concept stocks = MSCI China.

BREGERAAR: BARGRAAE. BAREARE, FERE PREGEA LR REIEAHSL, AR TTROGAGIGREZIME, TAHL ZZIMEF A
Tﬁﬁ&%ﬁﬁ‘ﬁﬁﬂﬁﬁﬁiﬁﬁ%$@%ﬁ,ﬁ&%ﬁ%&ma

Haitong International Non-Rated Research: Haitong International publishes quantitative, screening or short reports which may rank stocks according to valuation and other metrics or may suggest
prices based on possible valuation multiples. Such rankings or suggested prices do not purport to be stock ratings or target prices or fundamental values and are for information only.

HEER A REL: BAERTRARPEIARBANTE A RETEEPA, BEIER (600837.CH) , AEBRTLENEN, LATTEAATE A ROHARE. 12
R, BAEGREASEGEARAGHALA, FIAAEE RS EGEANTE ARPATRA A TR,

Haitong International Coverage of A-Shares: Haitong International may cover and rate A-Shares that are subject to the Hong Kong Stock Connect scheme with Shanghai and Shenzhen. Haitong
Securities (HS; 600837 CH), the ultimate parent company of HTISG based in Shanghai, covers and publishes research on these same A-Shares for distribution in mainland China. However, the rating
system employed by HS differs from that used by HTI and as a result there may be a difference in the HTI and HS ratings for the same A-share stocks.

HEE RN 100A K (Q100) 8% BEE 7 QL00 552 —A 045 100 L BBEAR AR TE ARG Z 75, RERZRALATREOfhaitse, FAATELIER A
REAWNG TR LOHAL, BEEREEH QL00 EANMEL LT,

Haitong International Quality 100 A-share (Q100) Index: HTI’s Q100 Index is a quant product that consists of 100 of the highest-quality A-shares under coverage at HS in Shanghai. These stocks are
carefully selected through a quality-based screening process in combination with a review of the HS A-share team’s bottom-up research. The Q100 constituent companies are reviewed quarterly.

MSCI ESG RS T 7 4% R4 HAERAELBRT (LM RRT MSCI ESG Research LLC R LB BN ( TESG 71 ) MERATEARRARES ( ), ESG A H R
PREFERETHEG RN, EAlA/ALEN, FRRKTAMEEETATIRFORRE, QETRHERPAETE HOERA L, WL%R%#@TW%&H Rgute
AHRLHATHEE, FARREETLRIE, FR3BHNARIARTY. W, BERRLREA THGMEA L EAMHER, RANMEREETIER, BROHEST
BERNRE, ES6 FHRKEE MM TR ROEMERRTRAROEATE, LRTEMER, B #5%, B0, BFRRETLRATRE (akfRfi%) &
T 1E.

MSCI ESG Disclaimer: Although Haitong International’s information providers, including without limitation, MSCI ESG Research LLC and its affiliates (the “ESG Parties”), obtain information (the
“Information”) from sources they consider reliable, none of the ESG Parties warrants or guarantees the originality, accuracy and/or completeness, of any data herein and expressly disclaim all express
or implied warranties, including those of merchantability and fitness for a particular purpose. The Information may only be used for your internal use, may not be reproduced or redisseminated in
any form and may not be used as a basis for, or a component of, any financial instruments or products or indices. Further, none of the Information can in and of itself be used to determine which
securities to buy or sell or when to buy or sell them. None of the ESG Parties shall have any liability for any errors or omissions in connection with any data herein, or any liability for any direct,
indirect, special, punitive, consequential or any other damages (including lost profits) even if notified of the possibility of such damages.

BRA] (FINESG) BIEBEF P ALK LA DRA] (ANESG) HELTT, HHLHANERELFREASN:

B4 LA (FINESG) Scf2 2 b IR THE S ZAMA RN (UTHAKLD") AFARREOMELFERR, KNDHELHEARRZ LM THTRIE, A5
W REAE, FRMAR EAMASIAETEN, LREEAETIASIINE, S EIBARELBS BORE, Rd RAETIASIHAR ﬁmﬁﬂﬁ&%i
H I R R AR R ERE A

Fd ARFRRRERERERIPREARA R, AR AN LARE 8 4 R L A RB LA, AABA AN SRk R DR ERMAA RS AR B 1)
B, BRAREFL B AP EAT 24, BITHA S LRERERAANER—HIA FRLENRE. REFFRR, KRB (LHFLEHET) RRAGEAL, LheL
SRR BB BRI,

PSS

K 5H ik LG, BAGE. WA BA. BE. TR A BA R RIE. e, TR FARGERE. B4 iﬁé””@*i&iiﬂﬂ%@’ FUREARRALRS
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AARKH, @R PRI EORETE ARFRETAE,

Fuk ALK ABAAR, ALRREEANGLIRIRAZ (o CLRREA P EHHN) CLRRAP RS (AIME) 0 (RRMBAKR) ) A7, Nk
PR ARIMIT; AT F RS LRIRARA LS RAT—5E, WAALTERAZAR.

SusallWave FIN-ESG Data Service Disclaimer: Please read these terms and conditions below carefully and confirm your agreement and acceptance with these terms before using SusallWave FIN-
ESG Data Service.

1. FIN-ESG Data is produced by SusallWave Digital Technology Co., Ltd. (In short, SusallWave)'s assessment based on legal publicly accessible information. SusallWave shall not be responsible
for any accuracy and completeness of the information. The assessment result is for reference only. It is not for any investment advice for any individual or institution and not for basis of purchasing,
selling or holding any relative financial products. We will not be liable for any direct or indirect loss of any individual or institution as a result of using SusallWave FIN-ESG Data.

2. SusallWave do not consider recipients as customers for receiving these data. When using the data, recipients shall make your own independent judgment according to your practical individual
status. The contents of the data reflect the judgment of us only on the release day. We have right to update and amend the data and release other data that contains inconsistent contents or
different conclusions without notification. Unless expressly stated, the data (e.g., financial performance data) represents past performance only and the past performance cannot be viewed as the
prediction of future return.

3. The copyright of this data belongs to SusallWave, and we reserve all rights in accordance with the law. Without the prior written permission of our company, none of individual or institution
can use these data for any profitable purpose. Besides, none of individual or institution can take actions such as amendment, replication, translation, compilation, re-editing, adaption, deletion,
abbreviation, excerpts, issuance, rent, exhibition, performance, projection, broadcast, information network transmission, shooting, adding icons and instructions. If any loss of SusallWave or any
third-party is caused by those actions, users shall bear the corresponding compensation liability. SusallWave shall not be responsible for any loss.

4. Ifany term is not contained in this disclaimer but written in other agreements on our website (e.g. User Registration Protocol of SusallWave Website, User Service (including authentication)
Agreement of SusallWave Website, Privacy Policy of Susallwave Website), it should be executed according to other agreements. If there is any difference between this disclaim and other agreements,
this disclaimer shall be applied.
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FREERNRLRE: AR BREMEAZAA RS (“HTISGL") 612 TR B BARRATA R (HTRL) K47, A RREFBEARANEH (£ 571%) #
AEARLNTED (REARBENL) BMER, FALREE HTISGL 4942 % # B8 Haitong International (Japan) KK. (“HTUKK") 8980 FA 47, HTUKK At A AX AW 44 %
FARRAA,

WEEANARRE: ARZONFEAR S, BTBRATRIEAPATAZ Securities and Exchange Board of India (“SEBI”) % #) Haitong Securities India Private Limited ( “HTSIPL”) AT 4.
17, Q4EHERL A% 2 BSE Limited (“BSE”) 7= National Stock Exchange of India Limited (“NSE”) L8] (4dkh TR HAT 1 ) (AR MAE, HTSIPL T 2016 % 12 A 22 Bk
FARAREEFEARAA AL (“HTISG") B—34.

FARRRE SRR E FRA LA DRI, 24T hAA BIRHEARAA R E A /REEEFREAZ AN LRAR AL EEERER.

AT H AR EANE CRAERRATERR, 12 HTIRL HTISCL RAEFT MR TR B FREARAARAZ (“HTISG") # AR A LA, T A LA RBUETA T RE T4
PRRMRIE, AXHTHAAANBERRE DY, P LR, BAAFRb, ALHOBALRA, XHTRANETID AL REZGHNFEEBRTAEANE, ALt/
TERBRAMEAZEARF B RN RN, EELARBER, AXRPRANEATEARRITES. WRIEF SUUEARE § A IUh AR, IICERA
TRASERFARAD 0, TEHRNFR—RRAFRNLR, RERERS), OBUTERITELEY, APATARRATRYE, RAFREAFANRTE. HTEARE
AXHTHEBFEAGETRH. P FAL B EAFOMFRN, PEOH SRR REE, BRELAOFITFEERGEAT SR THEE K. 2, bih
A B LRR, WHARTZAREAAERRTELTE. ZaTRARLHAN MR AT AERABEGRE, HISC REEF. R ARBAM YRR T
f£,

RA AR BRI EOMTRIL, HTISG ARMM KB, FATEAR, EFMET, HTAMMEA LFARKLA AL HETERITAESHA KEIRCURRTRE.
HTISG 945 R\ XA RAn b LALHTE HIISG MR K P foida AL KAXMAE R ARG 0 X AB BT PR EAIXH R, HIISG THE S AR ERRE LR
—HABTRR. RHTRUEA XS RARALGREAT REZF R kA, BRAEN,

%7 B8 B 7 35 www.equities htisec.com , £H 254 X GE B FARG B LA L4 RXZHALRPIREHNNEE L,

FEXBPHREEREE: AARLE A LI N EEE GO AL FINRA RATEM B A RBA LA T4, FERTEE FINRAE XS ARAHAE B i d drhd, AFEargz
ERAZHHF 2081 FN LA,

IMPORTANT DISCLAIMER

For research reports on non-Indian securities: The research report is issued by Haitong International Research Limited (“HTIRL"), a wholly owned subsidiary of Haitong International Securities Group
Limited (“HTISGL") and a licensed corporation to carry on Type 4 regulated activity (advising on securities) for the purpose of the Securities and Futures Ordinance (Cap. 571) of Hong Kong, with the
assistance of Haitong International (Japan) K.K. (“HTIKK"), a wholly owned subsidiary of HTISGL and which is regulated as an Investment Adviser by the Kanto Finance Bureau of Japan.

For research reports on Indian securities: The research report is issued by Haitong Securities India Private Limited (“HSIPL"), an Indian company and a Securities and Exchange Board of India (“SEBI”)
registered Stock Broker, Merchant Banker and Research Analyst that, inter alia, produces and distributes research reports covering listed entities on the BSE Limited (“BSE”) and the National Stock
Exchange of India Limited (“NSE”) (collectively referred to as “Indian Exchanges”). HSIPL was acquired and became part of the Haitong International Securities Group of Companies (“HTISG") on 22
December 2016.

All the research reports are globally branded under the name Haitong International and approved for distribution by Haitong International Securities Company Limited (“HTISCL") and/or any other
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members within HTISG in their respective jurisdictions.

The information and opinions contained in this research report have been compiled or arrived at from sources believed to be reliable and in good faith but no representation or warranty, express or
implied, is made by HTIRL, HTISCL, HSIPL, HTIJKK or any other members within HTISG from which this research report may be received, as to their accuracy, completeness or correctness. All opinions
expressed herein are as of the date of this research report and are subject to change without notice. This research report is for information purpose only. Descriptions of any companies or their
securities mentioned herein are not intended to be complete and this research report is not, and should not be construed expressly or impliedly as, an offer to buy or sell securities. The securities
referred to in this research report may not be eligible for purchase or sale in some jurisdictions. If an investment product is denominated in a currency other than an investor's home currency, a
change in exchange rates may adversely affect the investment. Past performance is not necessarily indicative of future results. Certain transactions, including those involving derivatives, give rise to
substantial risk and are not suitable for all investors. You should also bear in mind that recommendations in this research report are not tailor-made for you. The analyst has not taken into account
your unique financial circumstances, such as your financial situation and risk appetite. You must, therefore, analyze and should, where applicable, consult your own legal, tax, accounting, financial
and other professional advisers to evaluate whether the recommendations suits you before investment. Neither HTISG nor any of its directors, employees or agents accepts any liability whatsoever
for any direct or consequential loss arising from any use of the materials contained in this research report.

HTISG and our affiliates, officers, directors, and employees, excluding the analysts responsible for the content of this document, will from time to time have long or short positions in, act as principal
in, and buy or sell, the securities or derivatives, if any, referred to in this research report. Sales, traders, and other professionals of HTISG may provide oral or written market commentary or trading
strategies to the relevant clients and the companies within HTISG that reflect opinions that are contrary to the opinions expressed in this research report. HTISG may make investment decisions that
are inconsistent with the recommendations or views expressed in this research report. HTl is under no obligation to ensure that such other trading decisions, ideas or recommendations are brought
to the attention of any recipient of this research report.

Please refer to HTI's website www.equities.htisec.com for further information on HTI's organizational and administrative arrangements set up for the prevention and avoidance of conflicts of interest
with respect to Research.

Non U.S. Analyst Disclosure: The HTI analyst(s) listed on the cover of this Research is (are) not registered or qualified as a research analyst with FINRA and are not subject to U.S. FINRA Rule 2241
restrictions on communications with companies that are the subject of the Research; public appearances; and trading securities by a research analyst.

MEAWRE S
RETXAAAL, FNEAH2HBKREIEFARIRL P ETEARATET ) HREAN BB A LA AR RIGR AR FEEAR .

FRERANELER: BARFEARANA A (HTISCL) AT AR LRE, HTISCL AEFBARERS 1 £2AEHD (WSEATS ) BHIENG . AHEREFFHA
GEARBRAG) (BBEAE 571 F) (LTRHASFO") FREHZHERS, EAZAXMEN. AFRRERRES SFO ﬁfr);wﬁ“%mxﬁ%" AR T RERBLIEAR
PREFBEZRANFE, BREMRBRRALRE PAENE SMBATAR., RAZREGRIARALRE T P AR E LR ETELFRE HTISCLAEAR.
%@&ﬁ‘%é‘aiﬁ%ﬂ?iﬁ AHFRARLE HTIRL, HSIPL 3 HTUKK 5. HTIRL, HSIPL, HTUKK ARIETHE HTISG 2 BB E NG, HALLE M, BRALEEEFHLRESHFH
RAMARBLIEAZ OAR, AFRREREARE 1930 £ £ EEAR 5" F 1506 LMD REME 1 AE Z2AMEFE 1 (“Major U.S. Institutional Investor” ) #= 1 L4
&1 ("US. Institutional Investors”) . @ £EAME R 2 X AFIREH, Haitong International Securities (USA) Inc. (“HTIUSA”) #stR&e R AR 1. EKIARTREN LR
#xH, ﬁﬁ#&#%$ﬁﬁm#&ik@éﬁ1o,€ BATEMIEARM A LRI LEEMNRS), R4 HTIUSA. HTIUSA 4 F 340 Madison Avenue, 12th Floor, New York, NY 10173, 3% (212)
351-6050. HTI USA &£ £ B F U.S. Securities and Exchange Commission ( “SEC”) #1447, 4% Financial Industry Regulatory Authority, Inc. (“FINRA") #1& . HTIUSA R %75
AFERE, LRATLT OANMT. AETEAT, KAARLIRENETEDR YA, FELBSMMFASRE, LRFEE HOIPL, HTIRL K HTUKK EH&#47E £iEASA
$ABIENT . www 9049 HSIPL, HTIRL 3 HTUKK 276 & A 2 M 524 FINRA #1847 4, BBLTT 46 R4 FINRA % 2241 £ALE 09 5 B ARG M A, AF RS
FATIRIK P B 0 X HIE R IR, ﬁﬁ$%mﬁi¢ﬁ%%&h#%lmAXﬁﬁAwlﬂ (845 ADR) THRAE—ZAR, EERAOEATRIA LM, AL EEEALY
4’3* AFRFLEDEARMALRI LG ETRARE. %l/\ﬂT EAZFHRLRGFEARE ZERAA BN EEEX. ff\‘:‘fm%ﬁiﬁ’u%mu %é’lﬁwﬁﬁjiﬂﬂé‘]&ﬁ
EARMELB I LRI BNMEZ LER AT R, THETEFEAIMELBILHNER i)\?éiﬁﬂﬁ@ Joh, £ ERHA B BTA )0 T

Haitong International Securities (USA) Inc.
340 Madison Avenue, 12th Floor

New York, NY 10173

BAABTE: (212)3516050
DISTRIBUTION AND REGIONAL NOTICES

Except as otherwise indicated below, any Recipient wishing to discuss this research report or effect any transaction in any security discussed in HTI's research should contact the Haitong International
salesperson in their own country or region.

Notice to Hong Kong investors: The research report is distributed by Haitong International Securities Company Limited (“HTISCL”), which s a licensed corporation to carry on Type 1 regulated activity
(dealing in securities) in Hong Kong. This research report does not constitute a solicitation or an offer of securities or an invitation to the public within the meaning of the SFO. This research report
is only to be circulated to "Professional Investors" as defined in the SFO. This research report has not been reviewed by the Securities and Futures Commission. You should not make investment
decisions solely on the basis of the information contained in this research report. Recipients of this research report are to contact HTISCL salespersons in respect of any matters arising from, or in
connection with, the research report.

Notice to U.S. investors: As described above, this research report was prepared by HTIRL, HSIPL or HTIKK. Neither HTIRL, HSIPL, HTIJKK, nor any of the non U.S. HTISG affiliates is registered in the
United States and, therefore, is not subject to U.S. rules regarding the preparation of research reports and the independence of research analysts. This research report is provided for distribution to
“major U.S. institutional investors” and “U.S. institutional investors” in reliance on the exemption from registration provided by Rule 15a-6 of the U.S. Securities Exchange Act of 1934, as amended.
When distributing research reports to “U.S. institutional investors,” HTI USA will accept the responsibilities for the content of the reports. Any U.S. recipient of this research report wishing to effect
any transaction to buy or sell securities or related financial instruments based on the information provided in this research report should do so only through Haitong International Securities (USA)
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Inc. (“HTI USA"), located at 340 Madison Avenue, 12th Floor, New York, NY 10173, USA; telephone (212) 351 6050. HTI USA is a broker-dealer registered in the U.S. with the U.S. Securities and
Exchange Commission (the “SEC”) and a member of the Financial Industry Regulatory Authority, Inc. (“FINRA”). HTI USA is not responsible for the preparation of this research report nor for the
analysis contained therein. Under no circumstances should any U.S. recipient of this research report contact the analyst directly or effect any transaction to buy or sell securities or related financial
instruments directly through HSIPL, HTIRL or HTIKK. The HSIPL, HTIRL or HTIKK analyst(s) whose name appears in this research report is not registered or qualified as a research analyst with FINRA
and, therefore, may not be subject to FINRA Rule 2241 restrictions on communications with a subject company, public appearances and trading securities held by a research analyst account. Investing
inany non-U.S. securities or related financial instruments (including ADRs) discussed in this research report may present certain risks. The securities of non-U.S. issuers may not be registered with,
or be subject to U.S. regulations. Information on such non-U.S. securities or related financial instruments may be limited. Foreign companies may not be subject to audit and reporting standards
and regulatory requirements comparable to those in effect within the U.S. The value of any investment or income from any securities or related financial instruments discussed in this research
report denominated in a currency other than U.S. dollars is subject to exchange rate fluctuations that may have a positive or adverse effect on the value of or income from such securities or related
financial instruments. All inquiries by U.S. recipients should be directed to:

Haitong International Securities (USA) Inc.

340 Madison Avenue, 12t Floor

New York, NY 10173

Attn: Sales Desk at (212) 351 6050

PRAREFBOBLERA: AP EARERE (FAPE, RAREAOAE, FOEFBRAAER. RNEAFKRPSE) RAARBER ST B EEEARKEETHA
RATRA G, FERBARREEEN, AATHEEATRETERELE, 255", AXKETBFRMARKERGALLE RN, RRABEEAT RL0IE
AR, ERETBHRAA ORERATLH, EEAR A RAARELERARON FE AP ETEARETFARA, BRALAOARRET LARAUAR.,
WEXERANBRER: AEARATAFHATERAEA AT TR EEERA B EEANEHIAMIERN S ARG, AP AR IEAE RS KO ETEH Sk
ERAHRRED L @A F I8 KIEARE AR LB B 4312 T & Haitong International Securities (USA) Inc. (“HTIUSA”) F¥h 4k, %403 £ —FAk4 National Instrument 31-
103 Registration Requirements, Exemptions and Ongoing Registrant Obligations ( “NI31-103") #4475 1 BiRX 5 A% % 1 (“International Dealer Exemption” ) #1X 57, 2T X 44%
A FIRTRREY . $KEEPBLAA, AWEX, AFHREETHATHTRUBEAETEANBRAN . ATEER. [EIMFLA. MEXBETEAZR 2R
A EEHMART ERMETF ARAZ S, LT AN RIFRIEANRE, EMERARME R Bitik. ARIZFIAN, EAME KA ERAA BT
National Instrument 45-106 Prospectus Exemptions % 1.1 7 3# Securities Act (Ontario)% 73.3(1)F ATALZ &) TATH KA 1 (“Accredited Investor”) , HAZZERAEAT National
Instrument 31-103 % 1.1 FATALE4) T 4TEFA 1 (“Permitted Investor”)

Fmg XA O ELER: KH7REH Haitong International Securities (Singapore) Pte Ltd (“HTISSPL” ) [A\&) M4 5 201311400G] F#r sk 2 4%, HTISSPL R 44 (MARF#) (%
110 %) (“FAN) AXABEMARE, T (a) REXTIEA, EARTHNGEY, RHFITERAARDIMIERAANEN (b) KAIMA KER. L)AL RLHF

PIMTERAANREITIARRE . ARLRERRBAFS GEARGRE) (£ 289 F) 5 44 FATARONMETA. HTFEARLRER AR ELAARNEMR

A, ARLREQRAALZDATIE &5 HTISSPLEK A

Haitong International Securities (Singapore) Pte. Ltd

50 Raffles Place, #33-03 Singapore Land Tower, Singapore 048623

7% (65) 6536 1920

BARRANELER: AFARSDERBREARRA AR, BENALNERTE RN LBRSRET L EML RN (REAALBIVAFZSE (“FE”) ) % 61
(1) %, % 1711 (1) £e9frAAa k440

RERREARENELER: ARSONELTHAFIH Haitong International Securities Company Limited FIZ A, ARERAMARTMAZERNELEP LA, EARKREARSE

MANETAARBHAELLE P, RARTERIAM AL TERNE P RIHRHAIRE. Haitong International Securities Company Limited #14* XAV 414 K 5342 B2 B A 7T 45
RAAFLRE T RAGERCKARAER 05% ., HARBALEIREATHRALLBLT AL EETTRLA.

BRATHRFEGBLER: Haitong International Securities (Singapore) Pte Ltd, Haitong International Securities Company Limited #= Haitong International Securities (UK) Limited 2 3l 4R ¥ i
KAHTEAPRTER S (ATHAASICY) 23] (RRALER) X5 2016/396 SHEERKALY)RARAL, AFNE LR THE 2001 F (A3 %) AAXATARLE P

RELBRANEREFEHAARALLBREFTHER, ASIC AT E KT EATHERR: wwwlegislation.gov.au. #&ERREGLBRETIEFELAALNEH, 7
FEESERRADAERGEERAER.

WERRANEHER: ARZONFEAR Y. BFBATRIEAPATAZ Securities and Exchange Board of India ( “SEBI”) )&% #) Haitong Securities India Private Limited ( “HTSIPL”) Af

KA, BHEHERK A Z BSE Limited (“BSE”) #= National Stock Exchange of India Limited (“NSE”) (%4kA T RERXHHT 1 ) HARE.

AARRBREARLR, RAZERERNRORERFTALABRRNA.

BAEA: BEERMEARRA RN 2019 %, REFARAL

People’s Republic of China (PRC): In the PRC, the research report is directed for the sole use of those who receive the research report in accordance with the applicable PRC laws and regulations.
Further, the information on the research report does not constitute "production and business activities in the PRC" under relevant PRC laws. This research report does not constitute a public offer
of the security, whether by sale or subscription, in the PRC. Further, no legal or natural persons of the PRC may directly or indirectly purchase any of the security or any beneficial interest therein

without obtaining all prior PRC government approvals or licenses that are required, whether statutorily or otherwise. Persons who come into possession of this research are required to observe
these restrictions.

Notice to Canadian Investors: Under no circumstances is this research report to be construed as an offer to sell securities or as a solicitation of an offer to buy securities in any jurisdiction of Canada.
Any offer or sale of the securities described herein in Canada will be made only under an exemption from the requirements to file a prospectus with the relevant Canadian securities regulators and
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only by Haitong International Securities (USA) Inc., a dealer relying on the “international dealer exemption” under National Instrument 31-103 Registration Requirements, Exemptions and Ongoing
Registrant Obligations (“NI 31-103") in Alberta, British Columbia, Ontario and Quebec. This research report is not, and under no circumstances should be construed as, a prospectus, an offering
memorandum, an advertisement or a public offering of any securities in Canada. No securities commission or similar regulatory authority in Canada has reviewed or in any way passed upon this
research report, the information contained herein or the merits of the securities described herein and any representation to the contrary is an offence. Upon receipt of this research report, each
Canadian recipient will be deemed to have represented that the investor is an “accredited investor” as such term is defined in section 1.1 of National Instrument 45-106 Prospectus Exemptions or,
in Ontario, in section 73.3(1) of the Securities Act (Ontario), as applicable, and a “permitted client” as such term is defined in section 1.1 of NI 31-103, respectively.

Notice to Singapore investors: This research report is provided in Singapore by or through Haitong International Securities (Singapore) Pte Ltd (“HTISSPL”) [Co Reg No 201311400G. HTISSPL is an
Exempt Financial Adviser under the Financial Advisers Act (Cap. 110) (“FAA”) to (a) advise on securities, units in a collective investment scheme, exchange-traded derivatives contracts and over-the-
counter derivatives contracts and (b) issue or promulgate research analyses or research reports on securities, exchange-traded derivatives contracts and over-the-counter derivatives contracts. This
research report is only provided to institutional investors, within the meaning of Section 4A of the Securities and Futures Act (Cap. 289). Recipients of this research report are to contact HTISSPL via
the details below in respect of any matters arising from, or in connection with, the research report:

Haitong International Securities (Singapore) Pte. Ltd.
10 Collyer Quay, #19-01 - #19-05 Ocean Financial Centre, Singapore 049315
Telephone: (65) 6536 1920

Notice to Japanese investors: This research report is distributed by Haitong International Securities Company Limited and intended to be distributed to Financial Services Providers or Registered
Financial Institutions engaged in investment management (as defined in the Japan Financial Instruments and Exchange Act ("FIEL") Art. 61(1), Order for Enforcement of FIEL Art. 17-11(1), and related
articles).

Notice to UK and European Union investors: This research report is distributed by Haitong International Securities Company Limited. This research is directed at persons having professional
experience in matters relating to investments. Any investment or investment activity to which this research relates is available only to such persons or will be engaged in only with such persons.
Persons who do not have professional experience in matters relating to investments should not rely on this research. Haitong International Securities Company Limited's affiliates may have a net
long or short financial interest in excess of 0.5% of the total issued share capital of the entities mentioned in this research report. Please be aware that any report in English may have been published
previously in Chinese or another language.

Notice to Australian investors: The research report is distributed in Australia by Haitong International Securities (Singapore) Pte Ltd, Haitong International Securities Company Limited, and Haitong
International Securities (UK) Limited in reliance on ASIC Corporations (Repeal and Transitional) Instrument 2016/396, which exempts those HTISG entities from the requirement to hold an Australian
financial services license under the Corporations Act 2001 in respect of the financial services it provides to wholesale clients in Australia. A copy of the ASIC Class Orders may be obtained at the
following website, www.legislation.gov.au. Financial services provided by Haitong International Securities (Singapore) Pte Ltd, Haitong International Securities Company Limited, and Haitong
International Securities (UK) Limited are regulated under foreign laws and regulatory requirements, which are different from the laws applying in Australia.

Notice to Indian investors: The research report is distributed by Haitong Securities India Private Limited (“HSIPL"), an Indian company and a Securities and Exchange Board of India (“SEBI") registered
Stock Broker, Merchant Banker and Research Analyst that, inter alia, produces and distributes research reports covering listed entities on the BSE Limited (“BSE”) and the National Stock Exchange of
India Limited (“NSE”) (collectively referred to as “Indian Exchanges”).

This research report is intended for the recipients only and may not be reproduced or redistributed without the written consent of an authorized signatory of HTISG.
Copyright: Haitong International Securities Group Limited 2019. All rights reserved.

http://equities.htisec.com/x/legal.ntml
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