&5

. KL R4 R 1

&

Ly
[

5.1 [ HIA
S.1.1 i ] i o] s

ST A B SEAR By 5 AN TR)A, A R e S — A [R) 2 i AT A S (] JB5 R A B
— FHT 4 AR, A1 E A YNGR S 5 2 AT 55 R A ) B T2 > BIF ST I SRR AR [)
R, T T R A DG R S GEE AL T O AR ) T 0T 17 F) St A A% I 5 R 585 4 3
1 ENBEES I E X FEEZE T def train. model (self, mytrain_data, inner optimizer,
inner_step, outer optimizer = None) PR SEHL, 75 JR GG A0S A %P R 4. 2. 2 5 B9 def train
(model, saver, sess, exp_string, data_generator, resume_itr=0) K%, 55 2 &= H{E 5
#8 3d class MyDataTask Cobject) SZ B, 75 JR GG A0S s X 3 3. 4. 1 F5 Y def get images
(paths, labels, nb_samples=None, shuffle= True) i E{R BT A K 4. 2.2 354 def
train(model, saver, sess, exp_string, data_generator, resume_itr=0) 1T 5 4 24077 ,

55 3 T 0 b AR A ) 5 AR 4 B B A L (R T ST PRI AR L R, TTA ) &R
Gt W] 3 FE A ALAR 7 2 RGL 28 3 TR 1 REALAAE b B A o) AR R iR R T
A I R L5 Rt Al ik B E e e F B AR L xSk B A TG ) R G AT IR B R G0
A5, 55 4 TR A R RURE R SR RS T A i R L

55 4 BRI SCMF main. py S5 A St BOPRAT 8 AR ERERE L BR TR A 3 A ALY
S data_generator. py B ) DataGenerator £ 8, t0 8 F T A< AL A maml. py A
MAML # e, 8 I 28 model = MAML(dim_input, dim_output, test num_updates=

test_num_updates)

5.1.2 LY RBEMN%

BEIE VN 2 H bR . DR, 74 355 i B 1 IO FH 9 i 1] 282 6 27 20 W 5T A AR AR (] R
e KRR maml. py B, T T S04 special _grads. py DL BRSSO utils. py B 4
LR (mse, xnet, conv_block #l normalize) , A 78 FHACHS SCH maml. py FE47FE40 3 1%
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JFLA R F 26, R G A BT 58 905 2 & G % o FH 9 i n] @it

A S maml. py EESLH T MAML B0 8 X H b b Ko i) pf 22 I 28 33047 T 8
S, AR TRBE A7 2 ARSI 40 e W P, J0 57 2 AR A A gt DA 8 I 48 B v Dy il . T T A L AT
55 Kb FR 1) AT DU AR A 3 A ) 8, B Qi far $a) 43 /INFE AR BT | i ] 52 3 o0 2% ) Bk L an el i
T a5 R A T T A R MERR 28 45 . Horh, 5 A [n) BEER 55 b 28 I 48 SRR B R DT, M &
Do 24 2 N T 2 IO 24 %) T PR o L B SEUARL R S8 Al N7 — DA 5 26 ) ol 22 IR 4 14 45 1 R D R Y
BT B BB [N et AT BR R b e 4% AR AT AN BR TS L AT LR HAh
SRR G R GE R R . N T2 R 4% i 45 R S, HY R N T2 T i 42T
TR AR ST P2, 2 I 45 AT T 0 A R BSGHE A T A T B0 AL PR s P T oT 2 Y R
N THE R —A OGN RS RETEAL Sl #2 b | Rk RS540 . th T oTiE 55 4%
KRB ZAEE T TR 2305 K — RN AR LA 48 i 1 B a0 1 2 A58 [ R0, i el 228 1 8% o 114 i
] A5 4 | S ] A% 5 S FLAR AR AL AS B T AR & 1 g e 7 2.

W RLRT 4 BB S O A EE A 0 g FR T A B2 R ok 08 i AR QRS SO maml. py
MVt #E— 20 K R R 58 5 1 G Fe R 4

(1) FESEA NumPy JER sys ., X5& Python B9 2 NN EJE M X1 5, NumPy &
B EA b — 8 5 O np) » sys BRI ML 1 U5 0] 5 fft B v L R G0 A0 OC 19 72 55 R 8K
BT A R SR

(2) JC 2 25 1) 78 TG B3 AR BE 22 I HEQE TensorFlow (FEACHS T #5248 77
F M tensorflow. python. platform 5 A flags, DIME & LA AR 2RS35,

(3) A3 maml. py AT b2 TR B B 0 J , B AR 2 utils %A mse,
xent,conv_block Fl normalize, U0 4. 1.3 T3 ik, A RAL P51, F4 B s, 140 7 2 (]
BFM_ future M5 A print function 45,

5.1.3 MAML e X

RS AF A MR AT R A RTER A AR B ., KO TH 4 B
REELEREAR UGN, B FLAGS it 2R 28, XRS5 UM
flags. DEFINE _ XXX (Z 24 FR, B A B ARG 4 098 Lk 17 8 S, Rk, 78 1E U X
MAML 83 Z /i, 7] & Bh iy 2 FLAGS = flags. FLAGS, 5| A 4 J5 78 & tensorflow. python.
platform. flags. FLAGS, 315 & FLAGS.

FERMS SO maml. py H. A class BB X MAML 83k, 76 4. 4. 2 795 (94 il 48 90
IR P, class TE R E X TFEAEH) def __init__ O BB, XT class A9 8 & X 4 3E47 9] 4R
. AREX MAML 5335 09 SCRH class I @ SO, LRI,

class MAML:

# class J& MAML fif & B X

def init (self, dim input =1, dim output =1, test num updates=75):
# QI class ARG B __init__ () eREOW B & X R 3E1T 4 iR 1k




122 | Meta Learning® J&Fi¢

FIREECH 4 AN A, LRI F self AT D
& i A 4E )% dim_input Fl dim_output ¥Ji& & N 1
& TN I ], A JBE BB I AL test_num_updates BB N 5
# BTk, X self B — &R I E X
self.dim_input = dim input
# ¥4 self.dim input £ X K dim_ input
self.dim_output = dim_output
£ ¥ self.dim_output F XK dim output
self.update lr = FLAGS.update_lr
# % self.update 1r 5 ¥ iy FLAGS. update lr
self.meta_lr = tf.placeholder with default(FLAGS.meta lr, ())
# ¥ self.meta lr iF XN tf. placeholder with default(FLAGS.meta lr, ())
2% tf. placeholder with default() K% T 5 M AFERAE, HEEWT :
# tf.placeholder with default(input, shape, name = None)
# 38 it — A 5 AL AF op fi A 5K it FLAGS. meta 1r
# 17, shape Jy 4%, A BL 4 A K 5 FLAGS. meta_1r AYHLIRAS 72 FR il
£ H1iii] placeholder, 4 i v £ 1 & X
self.classification = False
# ¥ self.classification & X4 False, {E &, H 2V 141E
self. test num updates = test num updates
2 self. test_num updates & X N test num_updates
FERE, 8 X self MYBIRL @ P, 75 278 AR R 1 2 5, 40 3 FRREE -
if FLAGS. datasource == 'sinusoid':
#1HIE 1. R AR A N JE 55 & sinusoid
self.din_hidden = [40, 40]
% Fa 4 R 4 BF self. dim_hidden % ¥ H[40, 40]
self.loss func = mse
# ¥ self. loss_func 5 X N mse
self. forward = self. forward_fc
£ ¥ self. forward 5E X N self. forward fc, #1324 T & X T MAML f [ [0 45 4% R %L £c()
self. construct_weights = self.construct_fc_weights
£ ¥ self.construct weights & X N self.construct fc weights
£ A bR A 1 MAML X 2% 1 AU(E

elif FLAGS. datasource == 'omniglot' or FLAGS. datasource ==

'miniimagenet':

=215 2. IR SR 4 N Onniglo B Mini-ImageNet
self. loss_func = xent
# ¥ self. loss_func & ¥ K xent
self.classification = True
# %% self.classification & ¥ N True
# X TR, AR & P B 8 S A3 Shy FIE  -
if FLAGS. conv:
#2110 R H -SRI 4%
# S8 conv 7F 4.2.1 FEE X, BUIME R True, H T U & J& 4l — 4~ 5 LW 45
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self.dim_hidden = FLAGS.num_filters
= O, B )2 4 LA T R AR A

self. forward = self.forward conv
2 TT 16 % 47 PR BRICA I 1) 25 B

self. construct_weights = self.construct_conv_weights
AT Y 9 2 KA 4 A B

else:

HNEIE 2 - 2. QRS A B M 45

self.dim_hidden = [256, 128, 64, 64]
# UL B & R Yk (256, 128, 64, 64]

self. forward = self. forward_ fc
I 1) 4% 4% B8 HOR T kA2

self. construct_weights = self.construct_ fc_weights

AR 285 AU S Y ok A2

XFEIE 2, R, AR EE 45 (9 4 3 38 4E JE self. channels 77 8243l a2 X -

if FLAGS. datasource == 'miniimagenet':
= 01 5B PR B 4 O Mini-ImageNet
self.channels = 3
#faE B GEEE R 3
else:
& WAL P EESE H Onniglot

self.channels = 1
= 5 AR 1
self. img size = \
int(np. sqrt(self.dim_input/self.channels))
£ 5 SLEMG R 1 @
# e A i A 4EE self. dim_ input/self. channels, F3R 5 5 M, % 5 B &

else:
FEIE 3. A0 AEBOHE AR R
raise ValueError( 'Unrecognized data source. ')

# fy R AR R

5.2 EEEIK

5.2.1 RSB

55 4 FEE AN AR G AR AR Y Ay s SORVEE Dy 4 T M BF 5T (B 28 S8 A5 28 7 T R 4 T 1) 4
W EZA T AU S maml. py H L B ICORBETRABETE . BRTER AT .

def construct model(self, input_ tensors = None, prefix = 'metatrain '):

£ % X construct_model () PRAK, % PREURE T4 4 T RS 4M N30 RALH, $2 65 A% th im0
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# 55 4 FWAM, M TFENZEPN a URINZGE, b M4
if input_tensors is None:

# R AR A, PUT AR 5 A AR
self. inputa = tf.placeholder(tf.float32)

£ J8 1 tf. placeholder () PA%K, 58 YN ZREEHiy A o5 17, il A% 1 285050 tf. float32
self. inputb = tf.placeholder(tf.float32)

# V4 tf. placeholder () pRAL, 56 LI B i A o5 7, i A3 T 2R BU y £f. float32
self.labela = tf.placeholder(tf.float32)

# 1 H tf. placeholder () PR &L, 5¢ WL 2R B AR 25 (5 o, bR 242 O 28 AU R tf. float32
self. labelb = tf.placeholder(tf.float32)

# M tf. placeholder () B4R, 5¢ LMK SEFR 25 5 7, FRAE1E 127y tf. float32

else:
W AR RS, BT 0T 3 O R AR
self. inputa = input tensors[ 'inputa']

# ¥ input_tensors H1 [ inputa MK{H F| self. inputa $2% 1
self. inputb = input tensors[ 'inputb']
# ¥ input_tensors H1fY inputb K {H 3] self. inputb 2 O
self. labela = input tensors[ 'labela']
# ¥ input tensors H1f{ labela K {H 3] self. labela $
self. labelb = input tensors[ 'labelb']
£ ¥ input tensors HAY labelb MK {H #] self. labelb f K

with tf.variable scope('model', reuse = None) as \
training scope:
# [ tf. variable scope() PR %Y, % & model MY1E Il training scope
if 'weights' in dir(self):
# U2 dir(self) B 1% 'weights', If 4
training scope.reuse variables()
#HRELZ RSN
weights = self.weights
# EE MY weights SR H % LK self. weights
else:
# YR dir(self) AL 'weights', If 4
self.weights = weights = self.construct weights()
# 5% X self.weights = weights, H H1 £ 4 weights 1] ifi i self. construct weights()#4i&
lossesa, outputas, lossesb, outputbs = [], [], [1, []
# YIZRAE IR ER 1Y i s RN 2R 0 B Ak O 25 B2
accuraciesa, accuraciesb = [], []
£ YR I R ORS B 3000 I A R 75 4
numn_updates = max(self.test num updates, FLAGS.num updates)
= 36 BE T B R B self. test num_updates #ll FLAGS. num_updates H1 4% K3
outputbs = [[]] * num_updates
40 R DA 1R A e BEORR R T U O A 1A O
lossesb = [[]] * num_updates
# 3 R AR 0B R, i HR R B O U B RLA A 5
accuraciesb = [[]] * num updates

= F A FRORY BE , i R B2 SR UK RO IH 5
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5.2.2 BEPEERIRIIG R

FESS 4 B O A G A T SO, PR A 3 B X R AR A 2] L AN T R S
FR TCAT 55 1 27 2 o B R0 0L FH A 15 32 2240 2 A6 AR RS SO/ maml. py . BER BEIR A BT .
Horp R FEYS RO B T I R L L BRAS Ar ) ah BR TERINT

T E AL (1 R A b U L R e — OB R R, 5 B PR R B R T 1
HBHL fast_weights, ARG I A% W02 2 AT IR AR AN R B0 2 2] it Bt
16 5.2.3 WWEMR,

# NI WA A, B AE T A TAE
def task metalearn(inp, reuse = True):
# 72 X task metalearn() MR%R, 25 4 B A h 040 AL, 4R it o) i R4 O
inputa, 1nputb, labela, labelb = inp
£ YN de IR 19 5 A FIAR 28 M inp Fh s I
task outputbs, task lossesb = [], []
HAL 55 task 12 2 i3 FEIF UG 2Z W, W0 8 04 B R R 2R B0 1R 1k ok s

#1002 IR 5l AT — W B R R, 45 51036 0 28K fast weights, H )5 LAY PR AR BE R R
if self.classification:

# YR self.classification Jfy False

£ 7F MAML & X i £ 4% self. classification #] 54k N False

task_accuraciesb = []
FAL55 task (95 > S FRIT 4R Z A, PG4 (RS B W0 IR 1k O 25 4R
task outputa = self.forward(inputa, weights, reuse = reuse)

= MUINZREE i AT iy, o T L 2 AU weights S BT ] 1% 4
task lossa = self.loss func(task outputa, labela)
£ MG th 25 AR B AR A, A self. loss_func() B E0) 4 fb X 7 14 451 2%
grads = tf.gradients(task lossa, list(weights.values()))
= ik task lossa BUBEFEE WAL, SR X 4 N 1ist(weights. values())
if FLAGS. stop_grad:
# R U 3| stop_grad a4, A8 4
grads = [tf.stop_gradient(grad) for grad in grads]
= W] tf. stop_gradient() B%L, 15 1L 6 BEIH5T, 15 5 grads 19 8 Fi{E
gradients = dict(zip(weights.keys(), grads))
£ FIH] dict(zip()) BREL, ¥ P13 3 weights. keys() .grads 414 5 M gradients
fast weights = dict(zip(weights.keys(), [weights[key] — self.update 1r
* gradients[key] for key in weights.keys()]))
= M dict(zip()) BREL, ¥ 7431 % weights. keys().[weights[key] — self.update 1r
# gradients[key] for key in weights. keys() ]2 5 M fast weights, ¥ F TP Bf FF T R
output = self.forward(inputb, fast weights, reuse = True)
# M H self. forward() sR %L, 715 24 w4 L B i 25 21
task outputbs. append(output)
#4 YHTICAE By 25 R 09 3 3 task outputbs
task lossesb. append(self. loss func(output, labelb))
6 Y 1 I 4 S A 3 2 18 9 31 task lossesb
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5.2.3  PediBbIE TR

R e — YO B TR A5 B PR B R R B 4R AL S R Tast_weights, TR,
H 06 R P TP B T B 52 AR T Y num_updates— 1 YRBR 50T , I HL A3 BT J5 AR &
HHTH fast_weights, B —3AME RIS 5. 2. 1 95 ZEA — B, KA Xl B A H: 4 752
RS AU AT

B2 BT AR PAT DB T B
for j in range(num_updates — 1):
#HPS 5.2, 1 1A — 3, DA R A R g R LB
loss = self. loss_func(self. forward(inputa, fast weights, reuse =
True), labela)
= MY th 2 R B S AR M, I self. loss_func() BEEIH5E 1IN 2l 2=
# B it A outputa = self. forward(inputa, fast weights, reuse = True)
ERJGHES J PR E TG VI -4 LAY loss = self.loss func(outputa, labela)
grads = tf.gradients(loss, list(fast_weights.values()))
B loss BB, SR S X} 4 4 list(fast_weights. values())
if FLAGS. stop_grad:
£ QSRR R RS BT S A
grads = [tf.stop gradient(grad) for grad in grads]
= W] tf. stop_gradient() sREL, AF LB LT, B RS § R DM BE T REJS grads A ST
gradients = dict(zip(fast weights.keys(), grads))
= I dict(zip()) FREL, ¥ 7451 % fast_weights. keys() .grads &~ F M gradients
fast weights = dict(zip(fast weights.keys(), [fast weights[key] — self.update
_1r x gradients[key] for key in fast weights.keys()]))
# HP 14 fast_weights, BIF|H dict(zip()) sREL, ¥ #5151 % fast_weights. keys().
# [fast weights[key] — self.update lr * gradients[key] for key in fast weights.keys() ] &
# N7 i fast weights
output = self.forward(inputb, fast weights, reuse = True)
# M H self. forward() sR %L, +1 5 2 w0 X 4 L 0 b 25 21
task_outputbs. append(output)
£ 84 2 H0 AR LAY d i 45 R 3 JF 3 task_outputbs
task lossesb. append(self. loss func(output, labelb))
04 24 709 L 040 11 451 U9 R 81 task_Lossesb
task output = [task outputa, task outputbs, task lossa, task lossesb]
# ¥ task outputa.task outputbs.task lossa.task lossesb 7% task out

if self.classification:
2 N5 self. classification A True,
task accuracya = \
tf. contrib. metrics. accuracy(tf. argmax(tf. nn. softmax(task outputa), 1), tf.argmax(labela, 1))
£ BN 1 BRE B, BT S5 ] £f. nn. softmax () BR 0K task_outputa %4 S R (H
# S8R5 tf . argmax () pRETER Y HE S — B A 38 (8 B LR B AR 4 1B
# % i ] tf. contrib. metrics. accuracy( ) iR %A RS B (E
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for j in range(num_updates) :
£ UL 3 NIRRT 4R AR, X IR 4T nun_updates ¥R BE TR
task _ accuraciesb. append ( tf. contrib. metrics. accuracy ( tf. argmax ( tf. nn. softmax ( task _
outputbs[j]), 1), tf.argmax(labelb, 1)))
=R R R
task output. extend([task accuracya, task accuraciesb])

£}y task output #i Jf& N 4 [ task accuracya, task accuraciesb]

return task_output
£ jR [ task output HYfx 2 45 H, task metalearn() pR%H ) & X 3 1 45 o

Ohy S M ifp R A I A T i L ISR A AR B TR A A 7 A AE 5. 4 IV AR HT I IE .

5.3 HEEREME

5.3.1 A AZRRUE

R TR B 2 > 1S AU 1 4 J 0 FH 5 Je 27 > I 4% 19 A 3 AR T AU I A= . 78 MAML
BT, FERAM) o, VariableO BREUCE BT N AEUE . 1R T 812 K 2
AR &L 0] LA ET B AR AN 2R B i 5K B Variable, AR R tf. Variable(W IR {H . ZZ &%) .
FHorp s 55 24 0] DAY .

£ MAML SR 7 o tf. Variable O pRL Y 28 1 44 BRIN A weights £UH 5K &, H A 1R
{E )38 1 tf. truncated_normal O PREFS ], B 1H truncated A AW 00 = B, B4 B X, KR
Bon] DLW b A AT G RS AT R BEMLER . IR U A B R dE R A UE S A R
ZEAE T T A% b o 22, 00 0 8T >4 R 9 A ik R, OB A= BB AL B, X R BN o
truncated_normal (shape, mean, stddev), H:H shape &4 A 5k & A9 4E 1%, mean 2 1{H,
stddev J& standard deviation A 5 , B AR i 22,

O 2% ey 3 SRV T ST R A T AR L LA i A JE AU R R SR AR A A 3 AL O AU T
fEInE .

def construct_fc_weights(self):

# % Y construct_fc_weights() BREL, il A SR 000 A B, T A i 1] 199 28 #4385 AUE
weights = {}

WA R RS
weights[ 'wl'] = tf.Variable(tf.truncated normal([self.dim_input, self.dim_ hidden

[0]], stddev=10.01))

# 15 Bh tf. Variable() B %0 E AL M 25 B9 A (H weights[ 'wl']

= B W BA{E E LR tf. truncated normal([self.dim_ input, self.dim hidden[0]], stddev=0.01))
weights[ 'b1l'] = tf.Variable(tf.zeros([self.dim hidden[0]]))

# D) tf. zeros([ self. dim_hidden[0]]) AW HA(E, {5 B tf. Variable() pR 45 A i 4% (A {E weights[ 'bl']

R TN RS
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5.3.2 R )Z2RRUE
AR5 52 UMD e W R R

for i in range(1, len(self.dim hidden)):
EPEMFE R RIS 10K 1 B F] len(self. dim_hidden)
weights['w' + str(i+1)] = \
tf. Variable(tf. truncated normal([self.dim hidden[i- 1], self.dim hidden[i]], stddev=0.01))
# 15 Bh tf. Variable() o 0 /E AT M 2% B9 AU(H weights[ 'w' + str(i+1)]
= KW bh{E 5 LR tf. truncated normal ([ self. dim hidden[i— 1], self.dim_ hidden[i]], stddev =
0.01)
weights[ 'b' + str(i+1)] = \
tf.Variable(tf. zeros([self.dim hidden[i]]))
# L) tf. zeros([self.dim_hidden[1]]) NHILE1E, A= B N 4% 1 AU weights[ 'b' + str(i+1)]
weights[ 'w' + str(len(self.dim hidden) +1)] = \
tf.Variable(tf. truncated normal([self.dim hidden[ — 1], self.dim output], stddev=0.01))
= (B tf. Variable () PR &L AE B W 45 B AL weights[ 'w' + str(len(self.dim_hidden) + 1) ]
= B WIIGE & XM tf. truncated normal([self.dim hidden[ — 1], self.dim output], stddev=0.01)
weights[ 'b' + str(len(self.dim hidden) +1)] = \
tf.Variable(tf. zeros([self.dim output]))
# D) tf. zeros([self.dim_output]) HWILATE, A= BRI 2% ALE 'b' + str(len(self. dim hidden) + 1) ]
return weights
# construct fc_weights() PRE A E X BN I 455, ik [ {8 5 weights
& 2 SR A X I 1] Y 2%

5.3.3 &Ry S

BUE R 3 C 58 B, BRAE . 32 224 Bl 1E W 4k R X normalize O Al tf. matmul O) 52 8H 9 2% 44
1 . normalize () BR ] T4 i A BCHE ) 8 39— 30 Rl Ao G Wt (0 PT 42 08 T R AT S5 S b 2R
tf. matmul O pREUH T 58 10 R0 28 1) 32 2ok A v 0 6 B ol v

A e 5 BRI 1] P 45 RO R I L SRS AE 5. 3.4 T A5, 3.5 T AT

def forward fc(self, inp, weights, reuse = False):
# 7€ X forward fc() A%k, H T 14 1 A 17 M 4%
hidden = normalize(tf.matmul(inp, weights['wl']) + weights['bl'], activation= tf.
nn. relu, reuse = reuse, scope= '0")
£ R AR inp SR, 15 3 B & 2 i A
£ tf. matmul () B8 %] T 5 05 1 ofe i
for i in range(l, len(self.dim_hidden)):
FPEAFETIFEFR 10K N 1 3% len(self. din_hidden)
hidden = normalize(tf.matmul(hidden, weights['w'+ str(i+1)]) + weights['b'+
str(i+1)], activation = tf.nn.relu, reuse = reuse, scope = str(i+1))

= ) B 2 0 i A e LRUMEL, A5 B B 7 J2 A BV A 2 B A
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return tf.matmul (hidden, weights['w'+ str(len(self.dim hidden) +1)]) + \
weights[ 'b' + str(len(self.dim hidden) + 1) ]
£ I TR 2 A L R K s 2 AU, A5 B e A i
# forward_fo() MRAHY & SCBII S o, 3R [l 2 5 28 1 i 11y

5.3.4 MEBZEmE

56433 44 s 52 HUR B R T A6 USRI JCRE I3 T TensorFlow
AR B B A . contrib. layers. xavier_initializer, ol & 7 R 2 R EA0 S B3, 7
MAML BB FF o, 3 H 3 tf. contrib. layers. xavier _initializer () o8 %% F1 tf. contrib.
layers. xavier_initializer_conv2d () BR%{ .

tf. contrib. layers. xavier_initializer () BREU) FH N

xavier initializer(FU{HZ)>7ii, seed, dtype=tf.float32)

o  AUE 44 T LU Y5 50 4 uniform ¢ 1E 2543 10 normal 4%, seed J2& FH ok A= BBl ALK 19
P B 25 deype & 77 B0 <f. float32,

I RS S ] T AU I ) B Ak s 2 8l ) R A e

tf. contrib. layers. xavier_initializer_conv2d () & ZC7E M 3Ll F T — 4B FR w0 46
b .

IAETF 16 NG FRZ AR R 2% % AR an T

def construct conv_weights(self):
# %€ Y construct_conv_weights() B ¥, il AS R LFIN LA G, AT ER)Z R
weights = {}
WM AE R RS
dtype = tf.float32
£ BB AN tf. float32
conv_initializer = \
tf.contrib. layers. xavier initializer conv2d(dtype = dtype)
# 8 tf.contrib. layers. xavier initializer conv2d() R, 15 B ¥ L AU{E conv_initializer
fc_initializer = \
tf.contrib. layers. xavier initializer(dtype = dtype)
# [ tf. contrib. layers. xavier initializer() R, 152N ¥ thLAUE fc_initializer
k=3
FWESHKMEN3
weights[ 'convl'] = tf.get variable('convl', [k, k, self.channels, self.dim_hidden],
initializer = conv_initializer, dtype = dtype)
= 8 tf. get_variable() A%, UL conv_initializer ¥ G {b &5, SRECZE RN tf. float32 FYAL(HE,
# A JE [ weights[ 'convl'|JFE X H [k, k, self.channels, self.dim hidden]
2 KRB ikl tf. get_variable(name, shape, dtype, initializer)
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weights[ 'b1'] = tf.Variable(tf.zeros([self.dim hidden]))
£ {5 B tf. Variable() PR A HUEE 1 A4 FRZ Y BUE weights[ 'bl ']
weights[ 'conv2'] = tf.get variable('conv2', [k, k, self.dim hidden, self.dim_
hidden], initializer = conv_initializer, dtype = dtype)
# [ tf. get_variable() K%Y, If:LL conv_initializer ) 4f {k %%
2 PRI N tf. £loat32 MIALMH
= B S IF weights[ 'conv2']HYTE X K[k, k, self.channels, self.dim hidden]
weights[ 'b2'] = tf.Variable(tf.zeros([self.dim hidden]))
£ f& B tf. Variable() PAE A BUEE 2 A4 FRZ U BUE weights[ 'b2']
weights[ 'conv3'] = tf.get variable('conv3', [k, k, self.dim hidden, self.dim
hidden], initializer = conv_initializer, dtype = dtype)
# [ tf. get_variable() K%Y, fLL conv_initializer Ry #)4f {k %%
F AL Ny tf. float32 MALH
= FUE JE MF weights[ 'conv3']HYJE X K[k, k, self.channels, self.dim hidden]
weights[ 'b3'] = tf.Variable(tf.zeros([self.dim hidden]))
£ 3 tf. Variable() e $02E U5 3 A4 2 MR weights[ 'b3']
weights[ 'conv4d'] = tf.get_variable('convd', [k, k, self.dim_hidden, self. dim_
hidden], initializer = conv_initializer, dtype = dtype)
# i tf. get_variable() K%Y, If:LL conv_initializer Jy#)4f fk %%
F AR N tf. £loat32 MAL(H
# F H 4E B weights[ 'convd' [IJFE R M [k, k, self.channels, self.dim hidden]
weights[ 'b4'] = tf.Variable(tf.zeros([self.dim hidden]))
£ ) tf. Variable() R #LE U5 4 B2 BB weights[ 'bd ']

Z, TR A DNERENHE, ET R, ETFEMME 5 MEHE, M THES
JEEHE 5 /& Mini-ImageNet £t % 5 Omniglot BIHIE &0,

if FLAGS. datasource == 'miniimagenet':
# WHR B PE S N Mini-InageNet, AIF 4
weights[ 'w5'] = tf.get variable('w5', [self.dim hidden * 5 * 5, self. dim
output], initializer = fc_initializer)
= 8 tf. get_variable() K%L, Uk conv_initializer NI MG IL %N, 3RENZE I N tf. float32 AYAU(HE,
A H JE [ weights[ 'conv5' [T H [k, k, self.channels, self.dim hidden]
weights[ 'b5'] = tf.Variable(tf.zeros([self.dim output]), name= 'b5"')
i ) tf. Variable() bR £ AR B 5 A B FUZ Y AUH weights[ 'b5']
else:
# AR K Onniglot, IR 4
weights[ 'w5'] = \
tf.Variable(tf. random normal([self.dim hidden, self.dim output]), name= 'w5')
# A, B SE T tf. random normal() PR %X
# MR T8 B IE A6 1) e 5 Hh FEHLECH [ self. dim_hidden, self.dim output]/P4{E
# B tf. Variable() o £ A AR H 46 BF weights[ 'w5']
weights[ 'b5'] = tf.Variable(tf.zeros([self.dim output]), name= 'b5")
£ i ) tf. Variable() R #0LE U5 5 B T2 MIAUH weights[ 'b5']
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return weights

# construct _conv_weights() BREUHIE X BN EE R, LR T s MEHE

5.3.5 MEa& )z

MARTE SCAF utils. py W conv_block O pREL, AT AL S H# I M RS ERNH R, [
BHd A B A4 tf. reduce_meanO BREL, F T H 5K &% WU & )2 hiddend TE tensor
BILT, 2)4E 5 A3 00 , SC B 4 L o 2 40 R 9 AZ RS In R

def forward conv(self, inp, weights, reuse = False, scope="''):
# % X forward_conv() B4, 1 T Ba & 2 1096 )&
channels = self.channels

# ¥ self.channels W{{H % channels, LL{# & fb F —47 0% i 98 HE X

inp = tf.reshape(inp, [ —1, self.img size, self.img size, channels])
2 tf. reshape() R EL, i A K EICIRTC N[ — 1, self.img size, self.img size, channels]
hiddenl = conv_block(inp, weights[ 'convl'], weights['bl'], reuse, scope+ '0')

= P8 AR SO utils. py ) conv_block() BR%L, RS 1 M2

hidden2 = conv_block(hiddenl, weights[ 'conv2'], weights['b2'], reuse, scope+ 'l')
# A AAS SCMF utils. py B9 conv_block() BREL, #HREE 2 IR E 2

hidden3 = conv_block(hidden2, weights[ 'conv3'], weights['b3'], reuse, scope+ '2')
# A SO utils. py BLAY conv_block () BREL, ¥ BHS 3 MRS 2

hidden4 = conv_block(hidden3, weights[ 'conv4'], weights['b4'], reuse, scope+ '3")
# 8 SCF utils. py BLEY conv_block() %L, #HBH 4 MRS 2

if FLAGS. datasource == 'miniimagenet':
= R BE £ 8 Mini-ImagNnet, AR 4

hiddend = tf.reshape(hiddend4, [ —1, np.prod([int(dim) for dim in hidden4. get

shape()[1:]1])1])
= 81 reshape () iR %L, ¥ 5K & hiddend AU TE IR JH 3 H [ — 1, np. prod ([ int (dim) for dim in
hidden4. get shape()[1:]])]

else:

|
hiddend = tf.reduce mean(hiddend, [1, 2])

% J8H tf. reduce mean() PR %Y,
# 718 5K & hiddend 7F tensor WY [1, 2148 [0 V3 (H, SCBLRE 4k

return tf. matmul (hiddend4, weights['w5']) + weights[ 'b5']
# forward_conv () PR EIY AE B E5 5, 3R BIE 265 5 A~ Ba & 2 19 i A

5.4 mMMUFE

5.4.1 2 JHENRE
5. 2.2 Wik 9 702 I3 A 5 A2 S 3 AR LB AR DL AR AR B T 62 S RSN
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2 20 ok R A o A A AT LA B R 7E A2 PR 5T DR ) A o i ELAR B 1 2 o) i R Y
T BT VI o — OB T L 5 B 18 A B A fast_weights, DU T Jim 5 B RS B T 9%
Rl 2 2T R AE 5. 2.3 5 M By B R SR B0 408 B IRAT L A CE BT R B 2 RN fast_
weights, Sy B 78 A R T BT AF 55 I BB I 25, 75 BEILIEN 7 2 o s B v R R ooy
ARG T ) G A, AL AT .

£ 2 3] ORI 54 5.2.3 %Ek?sacj H i N 28

if FLAGS. norm is not 'None':
= 41 5 FLAGS. norm JE 2%

unused = task metalearn((self. inputa[0], self. inputb[0], self.labela[0], self.

labelb[0]), False)
# i [ task metalearn() PR %X, ¥ Uf 1L unused

out dtype = [tf.float32, [tf.float32] * num updates, tf.float32, [tf.float32]
* num_updates ]
S M A N [tf. float32, [tf. float32] * num updates, tf.float32, [tf.float32] * num_
updates]|]

if self.classification:
= 15 self. classification A True

out_dtype. extend([tf.float32, [tf.float32] * num updates])

# 5 out_dtype #i B A [tf. float32, [tf.float32] * num_updates]

result = tf.map fn(task metalearn, elems = (self. inputa, self. inputb, self.
labela, self.labelb), dtype = out dtype, parallel iterations = FLAGS.meta batch size)

£ AR B PR AR tf. map_fn(), i85k 3 H & result

5.4.2 HEBEERH

151 9 BR B ) 9 S BHIE 2 high-level function, M ARK; task metalearn O 28 50 25 1E S 5%
NG H R, I eR BGA W] DLSE 30 = A A B8R A A AR SR 1 12 1 A AT
SRR, ESERRN A, AT DG an S RS s ECR N 2k S H 3

#5—2, BICEE Bk
if self.classification:
# YN self.classification i True
outputas, outputbs, lossesa, lossesb, accuraciesa, \
accuraciesb = result
# M2 H & result H132 8 outputas,outputbs, lossesa,lossesb Ll & accuraciesa
& Fll accuraciesb
else:
# 750
outputas, outputbs, lossesa, lossesb = result
= 23 H ik result L outputas.outputbs,lossesa Fil lossesb

kk'—‘ﬂ;‘ )Eﬁ%jau_,\
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if 'train' in prefix:
S EERETR prefix = 'metatrain '
self. total lossl = total lossl = tf.reduce sum(lossesa) / tf.to float\

(FLAGS. meta_batch size)
# 3EI Zk B 2k total lossl, JfFﬁ/(%j\j self.total lossl

self. total losses2 = total losses2 = =\
[tf.reduce sum(lossesb[j]) / tf. to float (FLAGS. meta batch size) for j in range (num
updates) ]
=B S 2% total losses2, IR TE N self. total losses2

self. outputas, self.outputbs = outputas, outputbs
# outputas.outputbs 43 HI{F 174 self. outputas.self. outputbs

if self.classification:
= 4N self.classification & True

self.total accuracyl = total accuracyl = \
tf. reduce_sum(accuraciesa) / tf.to_float(FLAGS.meta_batch size)
=8 BRIk JE total accuracyl, IR TE N self. total accuracyl
self.total accuracies2 = total accuracies2 = \

[tf. reduce_sum(accuraciesb[j]) / tf.to_float(FLAGS. meta_ batch_ size) for j in range(num_
updates) ]
# 8 BRI 2K JF total accuracies2, I % 4% K self. total accuracies2

5.4.3 fRAEZSMin e

SE IR T2 I R AT DL B3 T 0L 55 OJF BT 55 10 A 2% 73\_7&'1"?%@1_
— A . R TR A 5 L IR AU AT DL B A Oy T 2R A, AT DGl i A ) H RS )
self. pretrain_op, H: X} B G H5 A self. pretrain_op = tf. train. AdamOptimizer (self. meta_
Ir). minimize(total lossl), Jii44 B X, tf. train. AdamOptimizer () & E0K H B & 046 7
& Adam EACSE L R E IS B S5l AR HERE ., A MU B b5 28 it
F4E self. meta_lr ) — A2 Rl [#75 total_loss1 f/MMb.

Adam PLACSE B JE — B F 3 3 & 0 BEALOG AL T 25, BO0A D B BE R R SEEE 1 3
o BE T B R — A S SR PR 7 TR ) B IR L T Adam D405 AR BE R AL 1 ¥ R T R
SRR, I MAML BERF PR PE T optimizer. compute_gradients () & 4317
T BETHAR 1 pR B TR Ry

compute gradients(loss, var_ list = None, gate gradients = GATE OP, aggregation method =

None, colocate gradients with ops = False, grad loss = None)

Ho BREE— DS 8 loss Z A0 HAWS B AT 84s . LA T7 ik dn AR I T .

if FLAGS. metatrain iterations > 0:

FAFRTINGRE AR TR T 0




134 | Meta Learning® J & Fi¢

optimizer = tf.train.AdamOptimizer(self.meta lr)
# F4k self.neta_lr i — A2 Ry 8L, 1E N EALES optinizer
self.gvs = gvs = \
optimizer. compute gradients(self.total losses2[FLAGS.num updates—1])
#1175 self. total losses2[FLAGS. num_updates — 1186 B, i h gvs, IR E 3] self.gvs

5.4.4 (LA

16 5. 4.3 WA E T IAL 4% optimizer, B {& B optimizer. apply _gradients () BRI, 8
apply_gradients 3¢, SE UK i gvs OB ETHE IF TR EE B, Hob, sk & gvs 20l it
W tf. clip_by_value O PREUA B AT, B BB B H %8 f. clip_ by value(tensor, clip_value_
min, clip_value_max, name= None), HLii] clip G158 )& X, 4 8 X, B i% &4 X
], k@ A e R WE ST B [FEE X BN, WR—1InH HCESLL/J\fE clip_value_min />, U] %5 4
g fe/ME s TR H R R A clip_value_max R, W 4 o i KA

BAETF IR AL 7% optimizer BN H L B RAS AN R .

if FLAGS. datasource == 'miniimagenet':
= W R BE £ Mini-ImageNet
gvs = [(tf.clip by value(grad, - 10, 10), var) for grad, var in gvs]
= P4 tf. clip_by value() %L, 2% X[ - 10, 10M& 5T grad, 15 gvs HYE A&, 15 F 5K gvs
self.metatrain op = optimizer. apply_gradlents(gvs)
# AL %% optimizer 1 HY apply_gradients ik, AT LASE MUK it gvs AR 2 I 55
else:
# & 0
self. metaval total lossl = total lossl = tf.reduce sum(lossesa) / tf.to \

float(FLAGS. meta batch size)
# AN 4E B E YL, 10 total lossl, I f£ #] self. metaval total lossl
self.metaval total losses2 = total losses2 = [tf.reduce sum(lossesb[j]) /

tf.to float(FLAGS.meta batch size) for j in range(num_ updates) ]
B MR ERSEY i, i0 o total losses2, IR 17 5| self. metaval total losses2

if self.classification:
2 YN self.classification & True
self.metaval total accuracyl = total accuracyl = \
tf. reduce sum(accuraciesa) / tf.to float(FLAGS.meta batch size)
£ B E FREEKE R, 08 total accuracyl Jff4 77 3] self. metaval total accuracyl
self. metaval total accuracies2 = total accuracies2 = [tf. reduce sum\
(accuraciesb[j]) / tf.to float(FLAGS.meta batch size) for j in range(num updates) ]
BN A A B, 08 total accuracies2 I F 77 3| self. metaval total accuracyl

5.4.5 onfifead
Tensorflow BIEAL i F2 AT LA B tensorboard SZ ¥R, 3= Z 2 45 AU 1| 2 o F vh S 800 7T
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WAk, £ MAML B3R, TS T tf. summary O RN scalar B, FLi] scalar
AR S X g E X, tf. summary. scalarO) B F T Boain B8 E S, B4R N

tf. summary. scalar(tags, values, collections = None, name = None)

MAML B LR P A2 ORI L 25 SR B R TheE, o, Fa L,
R EAR ] LS HoAh tf. summary O BREGE & NN 8 H 7 /A A libr e K,

tf. summary. scalar(prefix + 'Pre — update loss', total lossl)
% J8H tf. summary. scalar() PR, /8 bR {5 & prefix + 'Pre — update loss', ${{f & total lossl
if self.classification:
Z YN self.classification 5 True
tf. summary. scalar(prefix + 'Pre — update accuracy', total accuracyl)
# JEJH tf. summary. scalar() BRER, TR fn & {5 Bl prefix + 'Pre — update accuracy', {{E & total accuracyl

for j in range(num_updates) :
# W4T num_updates K JE
tf. summary. scalar (prefix + 'Post — update loss, step ' + str(j+ 1), total
losses2[75])
& P tf. summary. scalar() PR, B~ briE {5 B (prefix + 'Post — update loss, step' + str(j+1)),%{H
# 4 total losses2[q]
if self.classification:
2 415 self. classification A True
tf. summary. scalar (prefix + 'Post — update accuracy, step ' + str(j+1),
total accuracies2[j])
= J8 A tf. summary. scalar() FR%L, i 78 b 2 {5 B (prefix + 'Post — update accuracy, step ' + str
(§+1)), BUE N total_accuracies2[j]

5.5 JTALHLF

5.5.1 RIS 0 )R

R4S 1 BRI 'S Anaconda TFR-6 RS 2 B /R AT A% 1 & T % Python
FRIY o 3k SE U2 TAEA B T 2 oo U0 Ak ik 72 op 1 9 B 20 5 A, % i MAML 8
SR AR B A B . ZJ5 5 3 B R 5E L Python+ PyCharm HYFREEIC &, 21 &
58 ARG PRI A B A v A T AR . I Ah, X MAML 558 ¥ 91217, 78 PyCharm H1 7
SER2 S RIS AV NI (N

MBS BRT .,

(1) #F PyCharm 4T JFi% & Settings, UNEl 5-1 Jiin,

(2) EHE%1F#s Python Interpreter 330, 4N1& 5-2 Fi/s.,

(3) %+ Add Python Interpreter #E5, WH & 5-3 T~ .
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Edit View Navigate Code Refactor Run Tools Git Window Help  maml-vi-tf - main.py

New Project... F 39 Pminv | b H G B Gt v A
Alt+Insert

o T sy % Rresize imagespy % proc imagespy % g mamlpy
NewScratch File  Ctrl+Alt+Shift +insert - 2

Install requirement  Ignore requirement %
Save As A5 A101 70 A v
Recent Projects
Close Project
Close All Projects
Close Other Projects
ReNSIK® Foject;: st (only suitable for

# Settings... Ctri+AltsS -

File Properties >

se', ‘omniglot’, ‘sinusoid or omniglot or miniimagenet')
+ 5, 'number of

:
E
£
i

L]

None,

11 chebbibed

M Save All Ctri+S _iterat , 8, ‘number of pre-training iterations.')
B Reload All from Disk Cirl+AltsY 1n_iterations', 15608, ‘number of metatraining
Repair IDE c ', 25, 'nunb

. rof t
Invalicate Caches.

"the base learning
Manage IDE Settings c , lnumber o jsed 1 ~ gradient upda
New Projects Setup . p si . update.') # 0.1 for
Save File as Template.. ‘nunber of inner gradient updates during training.')
Export
& print...
Power Save Mode batch_norm', ‘batch_norm, layer_norm, or None
Ed n of s for conv nets -- 32 for miniimagenet, 64
flags.DEFINE_bool('conv', her or not to use a t , only applicab some cases')
flags.DEFINE_bool('max_pool’, False, 'Whether or not to use ma g rathe trided convolutions')
flags .DEFINE_bool (‘stop_grad', False, 'if True, do not v nd derivatiy ¢ eed) ')

flags.DEFINE_bool (' log" L for debugging cade.

flags.DEFINE_string(' */tmp/da tory f a d ¢ nt

flags.DEFINE_bool('r e 6 J del available')

flags. DEFINE_bool("

flags.DEFINE_integer(' on to e model.

S1ans nEETHE Kany fd R A

M Bookmarks

2. Structure

P Gt @ Python Packages =TODO  # Python Console @ Problems B Terminal @ Services
[0 Download pre-built shared indexes: Reduce the indexing time and CPU load with pre-built Python packages shared indexes // Alwa... (15 minutes ago) 411 (85 chars) LF UTF-8 4 spaces Python 3.7 (protonets} (2) I master '

B 5-1 7F PyCharm " §TJF & Settings

El Settings
Project: maml-v1-tf > Python Interpreter =

> Appearance & Behavior Python Interpreter: Python 3.7 (protonets) (2) I r ¥ | Add Interpreter v

Keymap
> Editor =
+ 0 e
Package Version Latest version

absl-py 200
v Project: maml-v1-tf aiofiles 2210

> Version Control

Python Interpreter aiosglite 0.19.0
Project Structure akshare 14.28
alphalens 0.4.0
anyio 371
appdirs 144
gatozls apscheduler ER[Y

> Build, Execution, Deployment

> Languages & Frameworks

Settings Sync argon2-cffi PER N

Advanced Settings argon2-cffi-bindings 21.20
arrow 123
astor 0.8.1

astunparse 163
attrs 231.0
babel FAER
backcall 0.2.0
backports-zoneinfo 0.2.1
bashutils 0.0.4
beautifulsoup4 4122
bleach 6.0.0
ca-certificates 2022.9.24
cached-property 152

Cancel

K 5-2  EFESNIF 48 Python Interpreter 330
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[E] Add Python Interpreter

@ Virtualenv Environment

{) Conda Environment

Environment: Existing (®) New

Location: E\code\maml-v1-tfivenv

@ System Interpreter

3 Pipeny Environment Base interpreter: | ‘g D:\Anaconda3\envs\cactus\python.exe

& Poetry Environment | Inherit global site-packages

Cancel
Kl 5-3 ¥E$E Add Python Interpreter

(4) %4 Existing P63 , 3% [0 [&] 5-4 FF 7w 09 5L 10 ,
i [E] Add Python Interpreter

& Virtualenv Environment

' O Conda Environment

Environment: (e Existing New

Interpreter: <No interpreter>
@ System Interpreter

5 Pipeny Environment

@ Poetry Environment

Cancel

Bl 5-4 3R [l J S i

(5) MR Aril 3 Al AR AT IRSL . W 5-5 P,

(6) R34 2 Y B AR EE Y python. exe, FlUN, 28 # 1Y 1 85 & ProtoNets, % 8% H
s T python. exe /E R AUAS g, W& 5-6 o,

() iy OK He i A # 0y e LER 5

FRTCE SE T R LR SR A T AN R R S R IR R R T . R
5 Bh P b T R T B2 R B B AR T A B SO requirement. txt, 40 7R Bl A5 B
W) code H g, X202 ) i B r R e & AL, 58 bS] DUBCTE AR o 37
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El
& Virtualenv Environment Environment: (e} Existing Alawr

) Conda Environment E] Select Python Interpreter %
Interpreter: <No interpreter>

@ System Interpreter A0k S @ Hide path

P Pipenv Environment T ——— =
- LD

M Library

B libs

I Scripts

I share

il

I Tools

I xgboost

i python.exe

i pythonw.exe

i venviauncher.exe

® Poetry Environment

>
>
>
>
>
>
>
>

i venvwlauncher.exe
> M py36
. etc
M include
B Lib
B (ibrarv

Kl 5-5 A GHTHEE

B A preter

i _ Environment:  (®) Existing () N

) Conda Environment EJ Select Python Interpreter %
Interpreter: = <No interpreter>

b
@ System Interpreter

E = S Hide path
 DVAnacondad\envs\protonets\python.ex M

@ Poetry Environment v M envs :
> I cactus
> I cardter
v M protonets
> M conda-meta

|, #8 Pipenv Environment

M libs

I Scripts

I share

1l

I Tools

I xgboost

i python.exe

i pythonw.exe

i venviauncher.exe
f-; venvwlauncher.exe

into the space above to quickly focate it

’l 5-6 M4BT Y python. exe

WAl LUBAE R . F R ML A 0y 22 5, 7 A 0 0 7 v AT g A T B2
il R LA

JE AP BE 0 40 S, 75 2L 3 4 Anaconda DL ) Python J& , A BESE WL, BAKERAE W T .

(1) F 8 fE AR G S0t 2 00 7 %) g SUL PR B L (i FH PR 5 Win+ R 4T HF CMD (i
T8 ) R G PIT IR ERAE (ed C:\Users\86155\Desktop) , i A 101, - #i A conda create -n
mymaml BIA] . HA . mymam] BB EAIZFR, W] LIARTE N N ZE 1k $E,

(2) TEFH MBS, 2220 & A requirement. txt,

(3) fif#r4 conda activate mymaml #{36 B 038 5% , %7 A pip install -r requirement.

>N
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txt, % Enter TR AT,
5.5.2  BiyefCRd i ek

FLCASEE T T T 2 RS VISR IR] AT 55 b (] b R A ) R A
HRTRD R R FH 9 JR ) R 5 A AH G [R) 8, - DA T R4 3% | g A JEL o Bk VAR L e fIL Ak D ik N T
PEACHL Ay 32 28 B AR T 3G T0 27 20 1Y TF I AR X 107 43 31 o — R 9 A e, S 3 1 5y 14
BT, M5 PEEFPOE T, Ml MAML 505 3006 P9 A48 e i A0 47004k

b AR PR, EE TR M E . NBAE TG . T AL 58 97 8 % MAML 5 A A
A A 20 5, O AE M BR At 3[R an ] e S Y e I AR SN 5

IFBACTE L data_generator. py Y num_val BN 5.num_train BN config.
get('num _train', 20)-num_val, f& 75 T X} N7 i [] B 48 oh L A A B o i 352 4 22K AL AT
B,

FHOGJE AR ARG I T

num_val = 100

num_train = config.get('num_train', 1200) — num_val

BEEUE R ARSI,

num_val =5

num_train = config.get('num train', 20) — num val

R R . A R AR A ) P9 A B0 e A A BT DA TR

BAE BRSSO main. py WAL e A B 9 BHE 2 i sinusoid &2 omniglot, X FEE
W25 J2 A5 e B R b [R) B8 O A AR e 7 Gn SR A B A0 38 miniimagenet, B Qe[ & el ? 2
I3 H SR R BB . A I T BEFH sinusoid PR £ RS B g B iF R E 2 AT E

FHOGJE AR ARG I T

flags.DEFINE string( 'datasource', 'sinusoid ', 'sinusoid or omniglot or miniimagenet')

B X R AR IR

flags.DEFINE_ string('datasource', 'omniglot', 'sinusoid or omniglot or miniimagenet')

ERBEELL Omniglot Bdfadl ] AWK S A SO R 26l . FTIHARRS SO/ main, py,
WAL 5-1 s, Bl e b A R A 0 = AR PR AL B AT EAT IR BRI . AR N RS R L U Y S
2 1 e B 4R B S

Xof T A R 1 R B g [ A AR A R 8 O IR R 0 Oy SR
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5.5.3 JCiRSsmBLR

AP EENG T GRS R0 S B B MAML 83k, a0 ool 2k ool ik iy
FRAS A3 AT, 5 Bh i E— A Bl T MAML 83k d iy oot fb ALl .

WA O T I GRS R Sy f 8 o S 204 v . R E T HLER 2% 2T DUE e
RN A T2 2T 1) R LIAT: 55 48 v (0 B8 4R A7 0 A Y L 33X 28T 55 FT DL B R OTAT: 55
FEAR AL I 45 B 45 oo AT 45 ool keI B9 8% e S0, UL A BT A AL BRI L A SR i
5| ERAER o EROSHR A2 3 , n] DLSE T ax Se g e S, 24X B oo S Bk

BT BT MAML FE A58 210 6 oo 45 R AL & 1 S 80 R B AR AN T

EXS-1(TES) TUIE5 T={(L£30O.D).p(x)p(x, | (x, y,))  H} EFEH LK
L AR 2 B3R (e ) R0 o(a, o [ (e, sy, DRAPREE K H k. i,
LUAHER 2 2] R 1 S50 0 MBARIED (I REA) A L o S22 S FEA B 430 pR 8, oy J2 DA
D BE ALl I 5 — A UL A

AR T IR RIS B0 Hi o (e, | (o oy, DAE R SRS N EE R A3 A . JCAE 55 b
UG53 A0 1 B SR AT 55 b A0 43 A KBOH R X 58iE A — e 2R )1 . e et
S0 SCh I E K H B TEK Ak 2% > [0 85 JE s Ak 24 2] [n] S h — 1, BIRE R 38 1k 2% >
AR ER B s Ak 2% 2 . X FAESRAb S 2] 8L 0K H RIS 1, R 2 B R A
K52 B R R IR AT B RS K

5.5.4 ocilZergHLkl

TC2E 2 S VAT 55 N REA LI R AT 1) JT2 ) S ARG Te I R 46 b 4 55 S it 4 7
YR Ja SRR S 850, I AR DN 1 0 D (A R L4 — 8 4 ST BE T . I — 4>
JLAE A B R B —E R AT AT G A H AR AR R RE PR A ) BT 55

1 15 TC 27 2 AR oh (AT 55 BTN p (DI 20 A JE IR HL 52 LR,

EX 5-20millgr) T BRI SR BeFr Ry oo U 2 o s I 25 19 X 2 AT 55 FE A,
AN FAL GEALAS 2 20 s SO IR & P9 IR B B R P S B B M) 91 2 R P 0 ) oF
RNEAEREA . BARTW 5 AE T R ), S MAT 55 40 A p (T, D) P BEALA R N ST 55
(T2 D7 ) (T, Dy ) v s (T, Dy ) s oo (T o Dy D b B RTTINGRAEAS . SR 5 X AT 55
(T;.D7 ) s ND, PHENLIHI K N BAEAEAS AR AT 55 D (N B IIGBIEED,, o 58N
BIGGE 2 ENENGBKLO. D, D WHHRYELO. D O EFB RS #HIR R
Kot P EEALANIR L A BAREEA A AL S D, N EINKBARED;, e A B INR . 2
PAENEMBER K LS, D) R N A S A P I ORGP 8L 1 # T

MR W) = 3T £0p, D). 5 WU MR STINZE R



#5Z NALERE [P 141

5.5.5 iR BLE

TCEE A3 TR WL T a3 R A 0 A R0 B R A (IR B I 4% 55 A1 I N
F7-fiti g LA BR 0 L AR B R S LA R A7 PRt o . AR B AF 52 19 MAML 535, & — i il AL i
RIS H S BUR 24 2] 1 . BRI 6 1) & B R MAML B @ W BIAR T fEE ]
DL 3 6 R B AT O AR VI R A AR, 80T LR O 0k . R 8 S 5-1 FIGE S 5-2 [ SE L 1,
PRAE AT DL 25 ool i 22 e S

FE X 5-3Cmillit)  Jn 2 2 AR I B B FR R e L T R A X 52 O AT S5 R AR L
PN B IR A P I R X R R B R A . e R AR . e AT S50 A p (T D) R Rl AL
M AL (T, 3Dy )+ (T, Dy ) s s (T, Dy ) 5o (Ty » Doy ) b M TE MR BEA . 24
JE XTS5 (T, D) s WDy HBEHLAIIR K A Hodis B A M AT 55 D 19 P9 I 25 25000 4
Dy . FERANEINLG, BEBKLO.D) O IF TR SR FE R A B T REAL A L

/l\iﬂl?};'éﬁzli»{’ﬁiﬂ{%])z AP B IREE SR D) Se A B o s

FE X 5-2 FGE X 5-3 *E@Wﬁﬂll%iﬁﬁ%ﬁ%ﬁi%%, P N i A L R A A A
& GBI S5 LR R AD,nivan = (DY D )55 (Dl Dy O N R IGRAT
5 A MHEBT BEAE 5 B RIR A D, = (D Dy ) 5o (DY oDy 3} M OISR
G5B B A INHAEF LT LURR D ={(2] sy ) (s vk ) K HIITRHEA%L,
R B A AT S5 BT LR DY = (2 sy ) s een (2 v V. L e AR,

Xof =l 5 Ak 27 2 T 8 Y S A BARAT 55 AT BB R DH b A% A i X (2 s
yO AL EID={(xsy " b Hd R L BT IPRE LK H b 1. WX T fkaE
[, LAY ] DASE a8 S B 20 ¢ P I 0 3, SR AR KBS H AR A B L DA I A 7Y
A AL 8 A IR R B IR E N D= (2 Dy 50 b HP e IR

At R EE IR R IR A BT DOR 290 a% 5] E/ER .. R 5iE Lm0 IR
MAML B3E 0 TR . & B o0 2 e . B 42 80 4k = 02 O 2% > A B0 1) 39 O
filh s R RE R AR IUE X . BT, RATE 29128 58 7 BIe 1 AR, IF K it T
— AR ERE .,



