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EEkEE || mnse

E g EOREFEREE

long seq = raw df. loc
long _seq

(2, ’2017-01" 1L

window _size = 12
short_seqs = []

short_seqs. append (long _seq. ilocli:i+window sizel. tolist())

24
UTCHJ(a Temperature

2017-01-01 00:00:00 0. 264706
2017-01-01 01:00:00 0. 250000
2017-01-01 02:00:00 0. 2350000
2017-01-01 03:00:00 0. 250000
2017-01-01 04:00:00 0. 2350000
2017-01-31 19:00:00 0.294118
2017-01-31 20:00:00 0.294118
2017-01-31 21:00:00 0.279412
2017-01-31 22:00:00 0.294118
2017-01-31 23:00:00 0.279412

S

BIKEREN12,

for i in range(long seq. shapel0] — window size):

short_seqs = np. array (short_seqgs)
print (short_seqs. shape)

EZKU

" temperature’ ]. dropna ()

FIEDEF%long seq

long_seq

window size

short_seqs

shape

(1, 691)

12

(679, 12)

5T
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train_set_proportion, val_ set_proportion = 0.6, 0.2 #AEX S EEH trian: val: test = 6: 2: 2
total len = long seq. shapel0]

train val split = int(total len * train_set proportion)
val test split = int(total len #* (train_set proportion + val set proportion))
train seq, val seq, test_seq = long_seql:train val splitl,

r - . . Z\
long_seaqltrain_val_split:val_test_splitl, b7lbensNE ]|
long_seqlval test_split:]

train_set = [
for i in range(train_seq. shape[0] — window size):
| Shepelll T mndonsize) 0 ARSI
train_set. append (train_seq. ilocli:i+window size]. tolist () | \VAm i

train_set = np. arrayv(train_set)
print (train_set. shape)

(402, 12)

. /  ErENeE. BRENRGKEIIELAIS, BABHTEED, R

: I

B X EcmsdEnssssesl, BUsETl.
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long _seq = raw_df. loc

= P

2, 72017-01" ][’ temperature’ 1. dropna ()

long seq
UTCHJ1E Temperature
2017-01-01 00:00:00 0. 264706
_ 2017-01-01 01:00:00 0. 250000
(=] | O r“ [ 2017-01-01 02:00:00 0. 250000
B 51 EF512 2017-01-01 03:00:00 0. 250000
2017-01-01 04:00:00 0. 250000
... .. 2017-01-31 19:00:00 0. 204118
2017-01-31 20:00:00 0.294118
N A 2017-01-31 21:00:00  0.279412
r A r A 2017-01-31 22:00:00 0.294118
1 1 : : 2017-01-31 23:00:00  0.279412
[ [
| | - . | | . >
8:00 9:00 10:00 12:00 13:00 t e P
window_size = 12 # (“h&T) H-YH?].|E—|_|D12, 1&::']%2—\%5}'%77_']
short_seqs = []
start_time, end_time = long_seq. index. min(), long_ seq. index.max() — pd. Timedelta(window_size, 'h')

cur_time = start_time

while cur time < end time:
short_seqs. append (long_seq. loc[cur_time:cur_time + pd. Timedelta(window_size—1, "h')]. tolist())
cur_time += pd. Timedelta(l, 'h’)

ElERBEEOREREE

long seq | window size | short_seqgs

shape (1, 663) 12 (65/9,é~12)

—
FraE Ry P REFIHKEN3 7

F BElENEEOXESEINFEINKERS—E,
T EBEIEAIE HTensor, FEHITIER




4/3/2/1/9 6o 1N
51618192 :
4141519 ;

FPHiE7E

from itertcols import zip longest

padded_seqs = np. array(list(zip_longest (¥short_seqs, fillvalue=0))). transpose()

ST e L

(629, 12) ) .
{&BfitertoolsHAYzip_longest

413/2/1]/9]6]9 1
5/6/8l9l2/0/0/0

FFFTE

4/4/5/9/0]0]0 0
112131778000

import torch
from torch. nn. utils. rnn import pack padded sequence

packed_seqs = pack_padded sequence (torch. tensor (padded_seqs), seq lengths,
batch_first=True, enforce_ sorted=False)

— I batch

EETHIASRRFINKE
FrER TR o



RRERLE - FHERE

B

A

(HhsE11: OOHSEE |
1

1 4 7 9 6 start_time, end_time = long seq. index.min(), long_seq. index.max() — pd. Timedelta(window_size, 'h’)
| | | | | | > full_index = pd. date_range(start_time, end time, freq='h")
8:00/ 9:00 10:00 12:00 13:00 t reindex_seq = long_seq. reindex(full_index)
SYZ = 3 i 5 ‘7 A 7 \ 2,1[ES
REFHIELR BRIRI Ry PERCRET BBk b,

[l ==n R B E S A nan

1 4 / nan 9 6

| | | | | |
8:.00 9:00 10:00 11:00 12:00 13:00 t

[l

A 4

53k

inter seq = reindex_seq. interpolate (method="linear’, axis=0, 1imit=2, limit_direction="both’)

1 4 /7 8 9 6

Y R B L, B i
_ : G TRAVERE,
8:00 9:00 10:00 11:00 12:00  13:00 t {ﬁﬁair;i?erpﬁc;)&lﬁa?c{eéz‘__rg%ﬁﬁﬁ

Kb + B RRE
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.90 s=pHitk
Yi :g(ht) Yi :J(Vvyht+by)
LG REET LA,
{Atanh, Relu
ﬁﬂ?% h, (4] 2 Y3 Y4 Yr
w7 TN | | | 1 |
ISE FEIR 2% l|.| — }];g h;{, —* ll i — — ].’.'IT
I * i r 1 |
RIN= h; X1 Xg X3 X4 X
EE— EEZZ

11



®) EFERILS - SRS - WAL SE

.
“orone U

class MyENN(nn. Module) :
def _init_ (self, input_size, hidden_size, output_size):
-param input_size: FEEMAIIREIEE. a0, XTEERIE 8] FF Fu g &, ﬂ—;EjﬁJhi A— S FE{E, Einput_size=l.
param hidden size: FREEFNSHEE. X MEFAZRANMLER, EERELINTS.
param output_size: JEEHBEEBIEE. HERERTEEMMNESR. F0, EEFE(EFA TN A2, output_size=1.

.

super (). __init_ ()

self. hidden size = hidden size

# EASENBEERE, AL — TEEEMENEH. EEFRATHALBHEE, LURETHIEENSER
elf.w h = nn. Parameter(torch. rand (input_size, hidden_size))
self.u_h = nn. Parameter (torch. rand(hidden_size, hidden_size))
elf.b_h = nn. Parameter (torch. zeros (hidden size))

self. w_v = nn. Parameter (torch. rand (hidden_size, output_size))

self.b_v = nn. Parameter (torch. zeros (output_size))
L SR 2. Dropout B2 AITE .
self. tanh = nn. Tanh() f

self. leaky lu = . LeakvReLU() e iy 4 %
se eaky_relu = nn. LeakyReLU( . %ﬁg&lgmx

, . N e .
¢ k. (B MEEE E ARSI AT B . 55
: it RN . A
for param in '-:elf paramet (

if param. dim() > 1: : ° %ﬁ?‘ﬂ!ﬁ‘:‘ﬂ';

nn. init. xavier_uniform (param) \ j




AL ML — 1RBISCIN - [RIASEh

def forward(self, =x):

e

‘param x: BAFY|. —8EH, HFAEE=1HE: batch, FVKE, LIEEEIELNEIT.

or e

batch_size = x. sizel(0) s ~
ceq len = x.size(l) s
- [REVASHIR
# FHHBERE, —RBHEL0. BTRAFHEZNTE, FEALREGE. | BMEXEF
- torch ze). 1o device) R
h tc:-%"::h EEI?G%{]DEEECI’IL zize, self. I”::?':lden_zlz ) tt:-i}s: device, ( 7I.§‘ E E

- -_— & [ ro—— —_— - e i e e e ol i
* s T e S B | A T — g I g -':—_'_-—“ LT riia S5 gy O A0 F 3~ ol 1
= L o ol ) -y ey e v el | O Y L gl o = e
vy _list = L

for i in rance(seq len):
h = self. tanh(torch. matmul (x[:, i, :], self.w_h) +
torch. matmul (h, self.u h) + self.b_h) # (batch size, hidden size)
v = self. leaky_relu(torch. matmul (h, self.w_v) + self.b_v) Z (batch size, output_size)

_list. append{"‘

P . y Ay el T s 5 rr
-—"'l "'..-"L F rz-_ —_— 51‘. ._: I i ;..-'L. I.r-"":" Ry ||':I|I—"r:": "'\- ." ) :PIEE I i ;..-'L. "';-_f:h FI.' .I._-I'II:"'_I.;:II:
L . AL ¥ = ' o WAy

i _.l-'\-\.-_l.ﬂ [ =
f e J

L .-'-:-"':--'"'n"".-,-"'--- '\-L"—I",E_.-"":l'l .

return h, tc:-r::h stack(y_list, dim=1)

13
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sensor_index UTC time |[temperature |[humidity pressure pm1 pm25 pm10

395 0 2017-01-17 11:00:00 | 0323529 |0.971508 0.482360 0.068882 0.289673 0.186466 .
HiE 396 0 2017-01-1712:00:00 | 0294118 |0973699 0484556 0060778 0264484 0174436 %"ztemperature
k=
=S 397 0 2017-01-17 13:00:00 | 0294118 |0.973890 0.487776 0035656 0.156171 0.117293 ‘&_yu J'ﬁﬁ:')u

/ I

B 398 0 2017-01-17 14:00:00 | 0279412 |0.974271 0491729 0038898 0.171285 0.129323

399 0 2017-01-17 15:00:00 | 0279412 |0.974557 0.497731 0040519 0.178841 0.133835

ﬁaf sliding window(seq, window_size):

=[] ( -
izgrulit in range(len(seq) — window_size): L. EE&E%EB’]ED

result. append (seqli:i+window _sizel)
\_ return result )

é{in_set, test_set = [], [] \
for sensor_index, group in raw_df. groupby(’ sensor_index’ ): r
full_seq = groupl’ temperature’ ]. interpolate(method="linear’, 1limit=3, linlit_area= outside’) . P
full len = full seq. shapel0] ° 1) tuﬁ'klgyu

train_seq, test_seq = full seq.ilocl[:int(full_len * 0.8)].to_list(),\

full:seq. iloc[int (full_Ien * (. 8) ’::|. to:liSt (1 * 2) ¥*¥5 E’?;U

v

.

train_set += sliding window(train_seq, window size=13) \_ )
\ test_set += sliding window(test_seq, window_size=13) )
¢ QEEHITRLES, (ATHEERAE. FEEBEENHF.
train_set, test_set = np.array(train_set), np.array(test_set)
train_set, test_set = (item[ np.isnan(item).anv(axis=1)] for item in (train_set, test_set))

print (train_set. shape, test_set. shape)

14
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device = 'cuda:(’
model = MyRNN(input_size=1,

hidden_size=32,

nn. MSELoss ()
torch. optim. Adam(model. parameters(),

loss_func
optimizer

def mape(v_true, v_pred):

v_true, =
non_zero_index = (y_true > 0)
y_true = y_truelnon_zero_index]
v_pred = v_predlnon_zero_index]

mape = np. abs((v_true — v pred) / v _true)
mape Lnp. isinf(mape)] = 0

return np. mean (mape) * 100

yv_pred = np. array(y_true), np.array(v_pred)

output_size=1). to(device)

1r=0. 0005)

o IRLIREY, loss
EREY. (iftes

p

« TEXFNEEIEIREREL

o« XFOF{ES—AZEANRMSE,
MAE, MAPE

 Scikit-learnI2HT7TMAEFIMSE

- RMSEEHMSEKXIRSE!

© MAPEEEECTH )

RMSE:\/EZn:(yi—yi)z MAE ==

) )

Root Mean Square Error

1n
93

=1

9i__yJ

Mean Absolute Error

MAPE =

102% Z“:
=1

%"yw
Yi

Mean Absolute Percentage Error 15
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def next_batch(dflta, batd{—gize): [iiﬂ!batCh }

) . ) . data_length = len(data)
from sklearn.utils import shuffle 1}"2&@%& num_batches = math. ceil (data_length / batch_size)
—

for batch_index in range (num_batches) :
start _index = batch_index * batch size
end_index = min((batch_index + 1) * batch_size, data_length)
yield datalstart_index:end_index]

loss_log = []
score_log = []
trained_batches = 0
for epoch in range(4):
for batch in Dext batch(shuffle(train_set), batch size=64):

batch = torch. From numpy (batch). float (). toldevice) = (b for batch in next_batch(test_set, batch_size=64):
£ (& EFE ir;mu: Jf,.jj FE, B E—AMEEATE, batch = torch. from numpy (batch). float (). to(device)

x, label = batchl .L:I, batchl:, —1] % (batch, seq len)

i ) - x, label = batchl[:, :12], batch[:, -1] iﬂ“ﬁt@ﬂ

out = model (batch. unsqueeze (—1))

prediction = out[:, -1, :].squeeze(-1) # (batch) hidden, out = model (batch. unsqueeze (-1))
prediction = outl:, -1, :].squeeze(-1) # (batch)
loss = loss_funec(prediction, label) all_prediction. append (prediction. detach(). cpu(). numpy () )
optimizer. zero_grad() all prediction = np. concatenate(all_prediction)
loss. backward () all_label = test_set[:, —1]
optimizer. step() > & HT R IT—EEELE.
loss_log. append (lozs. detach (). cou(). numpv (). tolist () all_prediction = dataset. denormalize(all_prediction, ’temperature’ )
e e bmionme = | all_label = dataset. denormalize(all_label, ’temperature’)
- £ HEETE S
z 473 z:—ffgjggﬁb toh, IR LA rmse_score = math. sqrt (mse(all_label, all prediction))

200 == Q- mae_score — mae(all_label, all_prediction)
mape_score = mapef(all_label, all prediction)

E ! score_log. append ([rmse_score, mae_score, mape_scorel)
: N RsWESE : print ( RMSE: %.4f, MAE: %. 4f, MAPE: %.4f" %

X . (rmSe_Score, mas_score, mape_score))




Loss Value
0.020 4
0.015 4
0.010 4
0.005 4 i
0.000 A —
0 2500 5000 7500 10000 12500 15000 17500
Number of batches
s
LossZT{L
1.25
1.00
w 0.75
<
=
0.50
0.25
0.00
0 20 40 0 80
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EIAHEZERILE - torch.nn.RNN

A

T r

Inputs: input, h_0

* input of shape (seq_len, batch, input_size): tensor containing the features of the input sequence. The input
can also be a packed variable length sequence. See torch.nn.utils.rnn.pack padded sequence() or
torch.nn.utils. rnn.pack_sequence(]) for details.

* h_0 of shape (num_layers *num_directions, batch, hidden_size): tensor containing the initial hidden state for
each element in the batch. Defaults to zero if not provided. If the RNN is bidirectional, num_directions

should be 2, else it should be 1.

| ourputs: output, h_n |

+ output of shape (seq_len, batch, num_directions *hidden_size): tensor containing the output features (h_t)
from the last layer of the RNN, for each t. If a torch.nn.utils. rnn. PackedSequence has been given as
the input, the output will also be a packed sequence.

For the unpacked case, the directions can be separated using output. view(seq len, batch,
num_directions, hidden_size),with forward and backward being direction o and 1 respectively.

Similarly, the directions can be separated in the packed case.

+ h_n of shape (num_layers *num_directions, batch, hidden_size): tensor containing the hidden state for t=

seq_len.

Like output, the layers can be separated using A_n. view(num_Ilayers, num_directions, batch,

hidden_size).

18



TEIAHEERILE — torch.nn.RNN

5+

Parameters

input_size — The number of expected features in the input x

hidden_size — The number of features in the hidden state i

num_layers — Number of recurrent layers. E.g., sefting num_layers=2 would mean stacking two RNNs
together to form a stacked RNN, with the second RNN taking in outputs of the first RNN and
computing the final results. Default: 1

nonlinearity — The non-linearity to use. Can be either *tanh’ or 'relu’ . Default: “tanh

bias —If False, then the layer does not use bias weights b _ifrand b_hh. Default: True

batch_first — If true , then the input and output tensors are provided as (batch, seq, feature). Default:
False

dropout — If non-zero, introduces a Dropout layer on the outputs of each RNN layer except the last
layer, with dropout probability equal {0 drepout . Default: 0

bidirectional — If tru= , becomes a bidirectional RNN. Default: False

Examples:

»>> rnn = nn.RNN{18, 28, 2)

»»> input = torch.randn(5, 3, 18)
»»» h® = torch.randn(2, 3, 28)
»»>» output, hn = rnn{input, h@)

19
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LSTM: Long Short Term Memory networks

»  —FFAZZUHIRNN
7SN E U]

The clouds are in the

The clouds are in the sky.

AR, EEAIRNNEEGSRER

| grew up in China...
| speak fluent .

E@)\> LSTM RERUp

| grew up in China...

| speak fluent Chinese.

KIEHKEL, (SEILSTMAER

22
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class MyLegacyLSTM (nn. Module) :
def _ init_ (self, input_size, hidden size):
super (). __init__ ()

self. hidden_size = hidden size

[ .
self. w_f = nn. Parameter (torch. rand (input_size, hidden_size)) 5
self.u_f = nn. Parameter (torch. rand(hidden_size, hidden_size)) ft =0y (Wf X +U f ht—l + bf )
self.b f = nn. Parameter (torch. zeros (hidden size)) J
((omie— p el el s ize, hidden_size)) |
self.w_i = nn. Parameter (torch. rand (input_size, hidden_size); -
self.u_i = nn.Parameter (torch. rand(hidden_size, hidden_size)) > It - O-g (WI Xt +U i hl—l + bi )

\_self.b i = nn. Parameter (torch. zeros(hidden sizel) J

r .
self. w_o = nn. Parameter (torch. rand (input_size, hidden_size)) > 0. =0 (W +U +b )
self.u_o = nn.Parameter (torch. rand(hidden_size, hidden_size)) t 9 Oxt Oht_l Y
[ self.b_o = nn.Parameter (torch. zeros (hidden_size)) )
[ self. w_c = nn. Parameter (torch. rand (input_size, hidden_size) :J1 »C, = ft oC,_, + it Yo (cht +Ucht—1 + bc)
self.u_c = nn. Parameter (torch. rand(hidden_size, hidden_size))
\_self.b_c = nn. Parameter (torch. zeros (hidden=size} ) )
self. sigmoid = nn. Sigmoid() h[ — Ot °0, (Ct)

self. tanh = nn. Tanh ()

for param in self. parameters() :
if param. dim() > 1:
nn. init. xavier uniform_(param)

29
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def forward(self, x):
batch_size = x. size(0)
seq_len = x.size(l)

7,, 1896

& ) IS A RIS

h = torch. zeros(batch_size, self.hidden_size}.to(x.device}

¢ = torch. zeros(batch_size, self.hidden_size). to(x. device)
r list = []

for i in range (seg_len):

forget_gate of self. sigmoidYorch. matmul (x[:, i, :], self.w_f) +
'orch.matmul(h, self.u_f) + solifde—

# (hatrh b1 ~
¥ (batch sizq, Idden_size/

input_gate = |self. Slgm01d(t rch. matmul (x[:, i, :], self.w_i) +

t¢rch. matmul (h, self.u_ i) + self.b_i)

output_gate =\Eelf.Sigmoid(.orch.matmul(x::, i, :], self.w_o) +
forch. matmul (h, self.u_o) + self.b_o)

T Tl = R N iy ey el i =

¢ X B Al LIEFE N IFEET R .

# = 1B L hadamar diFfEE S — 14 E L c =1 0 L
¢ —

c = forget _gate ¥ ek

input_gate * self|tanh e matmul (xL:, i, -], self.w.e) +

self.b_c)

torch. matmul (h, self.u_c) +

h = output_gate * self|tanh ("
v_list. append(h)
return torch. stack(y_list, dim=1), (h, c)

- IR {eBEEEIA=hidden state s£0[EIE

. Bzﬁﬁ“Tfé%LﬁErﬁhldden state, TTEHIH
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1) FrEEfE, LhsEs1/a61:
f, =0, (fot +U.h_ +b, ): o, (Wf (xII'h_;)+b, )

input size+hidden size), hidden size
AN, W/ e i -siz). hidden._

BT IR EREE R SEbr ERJ LIS H A

AMTFHES W, e[ s hiddensize - £n U, ) ndden.sizehidden size At PJEgE
FleZEEME—2, aJ{ERNn.Linear&{\:

celf. forget_gate = nn.Linear(input_sizethidden_size, hidden_size)

f g = self. sigmoid(self. hidden_gate(torch.cat( x, hl, dim=—1)))
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B8 : SHEMRER, ERHTIE
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« =ANIEETA C, HEAXEE—H

U

—ZSLIENRTE, BRERIFD BTGNS

zelf. gates = nn. Linear(input_sizethidden _size, hidden_size * 4)
f g, 1ig, o_g, c_g = self.gates(torch.cat(_ x, hl, dim=1)). chunk(chunks=4, dim=—1)
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class MyLSTM (nn. Module) :
def _ init  (self, input_size, hidden_size):
super (). __init_ ()
self. hidden_size = hidden_size

self. gates = nn. Linear (input_sizethidden size, hidden_size * 4)
self. sigmoid = nn. Sigmeid()
self. tanh = nn. Tanh()

for param in self. parameters():
if param. dim() > 1:
nn. init. xavier uniform (param)

def forward(self, x):
batch_size = x. size(0)
seq_len = x. size(l)

h, ¢ = (torch. zeros(batch_size, self.hidden_size). to(x. device) for _ in range(2))
y _1list = []
for i in range(seq len):
forget_gate, input_gate,
output_gate, candidate_cell = self. gates(torch.cat([x[:, i, :], hl, dim=1)). chunk(4, -1)
forget_gate, input_gate, output_gate = (self. sigmoid(g)
for g in (forget_gate, input_gate, output_gate))
¢ = forget _gate * ¢ + input_gate * self. tanh(candidate_cell)
h = output_gate * self. tanh(c)
v_list. append (h)

return torch. stack(y_list, dim=1), (h, c)
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KEHRICIZM4E - torch.nn.LSTM

A

T r

Inputs: input, (h_0, c_0)

e input of shape (seq_len, batch, input_size): tensor containing the features of the input sequence. The input
can also be a packed variable length sequence. See torch.nn.utils. rnn.pack padded sequence(’) or
terch.nn.utils. rnn.pack_segquence() for details.
o h_0 of shape (num_layers *num_directions, batch, hidden_size): tensor containing the initial hidden state for
each element in the batch. If the LSTM is bidirectional, num_directions should be 2, else it should be 1.
e ¢_0 of shape (num_layers *num_directions, batch, hidden_size): tensor containing the initial cell state for
each element in the batch.

If (h_o, ¢_o) is not provided, both h_0 and ¢_0 default to zero.

Outputs: output, (h_n, c_n)

» output of shape (seq_len, batch, num_directions *hidden_size): tensor containing the output features (h_t)
from the last layer of the LSTM, for each t. If a torch.nn.utils. rnn. PackedSequence has been given as
the input, the output will also be a packed sequence.

For the unpacked case, the directions can be separated using output. view(seq len, batch,
num_directions, hidden size),with forward and backward being direction o and 1 respectively.
Similarly, the directions can be separated in the packed case.

» h_n of shape (num_layers*num_directions, batch, hidden_size): tensor containing the hidden state for t=
seq_fen.

Like output, the layers can be separated using A_n. view(num Ilayers, num directions, batch,
hidden_size) and similarly for c_n.
» c_n of shape (num_layers *num_directions, batch, hidden_size): tensor containing the cell state for t=

seq_fen.
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K5EHEI2IZMEE - torch.nn.LSTM

Parameters

input_size - The number of expected features in the input x

hidden_size - The number of features in the hidden state A

num_layers — Number of recurrent layers. E.g., setting num_Ilayers=2 would mean stacking two LSTMs
together to form a stacked LSTM, with the second LSTM taking in outputs of the first LSTM and computing
the final results. Default: 1

bias - If False, then the layer does not use bias weights b_ih and b_hh. Default: 7rve

batch_first - If 7zwe, then the input and output tensors are provided as (batch, seq, feature). Default:
False

dropout - If non-zero, introduces a Dropout layer on the outputs of each LSTM layer except the last layer,
with dropout probability equal to dropout. Default: 0

bidirectional - If 7rwe, becomes a bidirectional LSTM. Default: False

Examples:

>>> rnn = nn. LSTM{(10, 26, 2)

>>> input = torch.randn(5, 3, 1)

>>> hO = torch.randn(2, 3, 20)

>>> ¢@ = torch.randn(2, 3, 20)

>>> output, (hn, cn) = rnn{input, (A8, cB))
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class MyGRU(nn. Module) :
def _ init (self, input_size, hidden size):
super().__init_ ()
self. hidden_size = hidden_size

self. gates = nn. Linear(input_sizethidden size, hidden_size*2)

J—'—\.—J——,,.g_"dr_" * .'.- *7 + a4
4 R O 1didate hidden state

L LE

Eelf hldden transform = nn. Linear (input_size+hidden_size, hidden_size)

self. sigmoid = nn. Sigmoid()
self. tanh = nn. Tanh()

for param in self. parameters():
if param. dim() > 1:
nn. init. xavier uniform (param)

def forward(self, x):
batch_size = x. size(0)
seq_len = x.size(l)

h = torch. zeros(batch_size, self.hidden size).to(x. device)

y_list = []
for i in range(seq len):
update_gate, reset_gate = self. gates(torch.cat([x[:, i, :1, hl, dim=1)). chunk(2, -1)

update_gate, reset_gate = (self. sigmoid(gate) for gate in (update gate, reset_gate))
candidate_hidden = self. tanh(self. hidden_transform(torch.cat([x[:, i, :], reset_gate * h], dim=—1)))
h = (1-update gate) *# h + update gate * candidate hidden
v_1list. append (h)

return torch. stack(y_list, dim=1), h
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| JiE 85 Rt — torch.nn.GRU

A

Tfar

Inputs: input, h_0

* input of shape (seq_len, batch, input_size): tensor containing the features of the input sequence. The input
can also be a packed variable length sequence. See torch.nn.utils.rnn.pack padded sequence() for
details.

» h_0 of shape (num_layers *num_directions, batch, hidden_size): tensor containing the initial hidden state for
each element in the batch. Defaults to zero if not provided. If the RNN is bidirectional, num_directions

should be 2, else it should be 1.

Outputs: output, h_n

» output of shape (seq_len, batch, num_directions *hidden_size): tensor containing the output features h_t
from the last layer of the GRU, for each t. If a torch.nn.utils. rnn. PackedSequence has been given as
the input, the output will also be a packed sequence. For the unpacked case, the directions can be separated
using ouvtput.view(seq len, batch, num_directions, hidden_size), with forward and backward
being direction o and 1 respectively.

Similarly, the directions can be separated in the packed case.

* h_n of shape (num_fayers*num_directions, batch, hidden_size): tensor containing the hidden state for t =
seq_len
Like output, the layers can be separated using #_n. view(num_layers, num_directions, batch,

hidden size).
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| JiE 85 Rt — torch.nn.GRU

5l

Parameters

input_size - The number of expected features in the input x

hidden_size — The number of features in the hidden state h

num_layers — Mumber of recurrent layers. E.g., setting num_Iayers=2 would mean stacking two GRUs
together to form a stacked GRU, with the second GRU taking in outputs of the first GRU and computing the
final results. Default: 1

bias - If False,then the layer does not use bias weights b_ih and b_hh. Default: True

batch_first - If Tzwe, then the input and output tensors are provided as (batch, seq, feature). Default:
False

dropout - If non-zero, introduces a Dropout layer on the outputs of each GRU layer except the last layer,
with dropout probability equal to dropout. Default: 0

bidirectional - If 7ruve, becomes a bidirectional GRU. Default: False

Examples:

23> rn = nn.GRUIA, 28, 2)
>>> Iinput = torch.randn(5, 3, 108)
»>> p@ = forch.randn{2, 3, 20)

>>> output, hn = rnn{input, hE)
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Egrets stood, peeping fishes.
H b BB KA.
Water was still, reflecting mountains.
BB,
The wind went down by nightfall,
HARA%ZEG.

as the moon came up by the tower.
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Budding branches are full of romance.
A WA T T AL
Plum blossoms are invisible but adorable.
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With the east wind comes Spring.
A {4k # AT &

Where on earth do I come from?
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